Fi gure 14. Coordinate System for the Gaussian Continuous Plune Equation
Showi ng Assunption of Normal Distribution in Each Dinension

‘ z Cross section of residuals
discharge stream (plume)

Distributions of
residuals concentrations
h in % and z directions

Sour ce: D. Basta and B. Bower, eds. 1982. Analyzing Natural Systens
(Resources for the Future, Wshington, D.C).
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(GP2) At each nonnegative value of x, the concentration profile of the
plume is Gaussian in both y and z directions

(GP3) The source termis constant over tine

(GP4) The wind speed is constant, and the wind blows in the positive
x-direction

(GP5) There is total absorption of the plume at the earth's surface

Those assunptions are plausible if we divide the tinme over which the fire
proceeds into small enough subintervals, so long as those subintervals are
I ong enough for approxinmately steady-state conditions to be established. The
restriction to three-hour subintervals is inposed by the data

The Parameters 0y, and O, in the equations (7.1) and (7.2) are enpirical
paraneters, wth valués obtalned from neasurenents taken under varying w nd

speed and neteorol ogi cal conditions. The latter conditions, together wth
wind speed, are summarized in a single variable, the stability class, which
was devel oped by Pasquill, (1961) assigned by an algorithm that has come to
be known by the name of its inventor, Turner, (1964).

THE ANALYSIS: AN OVERVI EW

So much for a rough descriptive account of the Chem cal Contro
I nci dent . Now we turn to an overview of the analysis of the follow ng two
chapters. Qur assunptions about the source rel ease term have been discussed
in this chapter's section on Mdeling the Transport of Toxics fromthe
Chemical Control Fire and are sunmarized in table 24. Since these are so
critical to the final danage estimte, and so uncertain, table 23 presents a
range of source release terns over which we nake danmge estinates.

In the data appendi x for the Chenmical Control case study, we describe
the neteorological data we use. The inportant feature of that data is its
rel ative abundance, allowing sone sinplification in calculating damages. W
will use the familiar Gaussian plume nodel as our underlying atnospheric
transport nodel; but that nodel cannot be used before we conmpute, for each
met eorol ogi cal data record, stability class and dispersivity "coefficients"
(the latter terminology is conventional, but the coefficients are actually
functions). Qur inplenentation of an algorithm for conputing stability
classes is described in chapter 8 s section on A Conputationally Efficient
Popul ation Gid and figures 16, 17, and 18

Taken together, those el enents can be conbined into a conputation of
ambi ent concentrations of fire-generated pollutants, and the fornula for that
computation is given in equations (7.1) and (7.2). From anbi ent
concentrations, and fromdata on the distribution of population in townships
surrounding the Chemical Control site, it is sinple, in principle, to conpute
popul ati on exposures, and the relevant equation (8.1) is straightforward.
But because we are conputing exposures over the course of a fire |long enough
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for shifts in wind speed and direction to matter, sonme conputational tricks
are needed; these are described in chapter 8 s section on A Conputationally
Efficient Population Gid. Finally, to go from popul ation exposures to an

estimate of the cost of risk bearing, we need both dose-response and val ue of
risk adjustnents: those adjustments are described in equation (8.3).

123



NOTES

1. In 1975, Chenical Control was required to register for an
engineering plan for its incinerator with the state's Solid Waste
Admi nistration, but neglected to do so. The Administration was lax in

enforcing this requirenent.

2. Carracino, the former owner, suggested that Conlon and Al bert may
have nade over $7 nmillion in profits during their twenty nonth tenure
(Regenstein, 1982). This estimate may be inflated: even if the new owners
charged $200/drum the buildup of 30,000 additional drums would only yield
gross revenues of $6 mllion

3. Evaluation of plume sanples, however, only give partial information

of the properties of the released residuals. Frequent sanplings from
different parts of the plune would be required to capture any slug effects
that could be produced by the diversity of input sources. That is, the

rel ease and transport of a highly concentrated mass (a slug) may result with
the conbustion of a particular substance, and the tining of the conbustion of
that material thus becomes critical for detection by sanpling. If the
conbustion products from a drum of a toxicant retains its lethal
characteristics, the timng of its conbustion will affect whether or not it
will be detected by sanpling.

4.  The assunption that all materials are converted into toxic smoke nay
be an overestimate in that many of the conbustion products are innocuous; on
the other hand, it nay be an underestinate in that the additional mass of
reactive atnospheric oxygen is neglected.
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CHAPTER 8

THE BENEFI TS OF AVO DI NG A CHEM CAL CONTRCL TYPE | NCI DENT

| NTRODUCTI ON

Figure 15 will by now be famliar, in its general outlines, fromthe
other case studies. It is, of course, a lottery representation of the
Chenical Control incident. The initial "decision" node represents the
community's decision to accept siting of the facility. Thereafter node P1
is situated where the initial release nodes were for the other case
studies, and represents the "fire sublottery." There nay be no fire, and
no incident, as depicted by consequence Cl. But in the event that there is
a fire, the "neteorology sublottery," represented by the chance node P2,
may be critical. Wnd conditions carrying toxic conbustion products over a
wide area may |lead to |arge human exposures. "Favorable" nmeteorology, on
the other hand, may limt such exposures to a small nunmber of individuals
in the immediate vicinity of the Chemcal Control site.

The release sublottery will, as in the other case studies, be treated
as paranetric. The hard part of our problem then, is the conputation of
the "meteorology sublottery," and of the consequences along each branch of
that sublottery.

A COWPUTATI ONALLY EFFI CI ENT POPULATION GRID

How should the population density be described so that the Gaussian
plune fornula can be easily, and efficiently, utilized? Two observations
point us to workable answers to these questions. The first is that the
Gaussian plume--in fact, the air dispersion process--confines the plume, in
each time subinterval in which steady-state conditions are assumed, wthin
a relatively small cone, with base at the origin and centered on the wind
direction. Concentrations predicted by the Gaussian plune formula wll be
very small outside of that cone in that time subinterval, so that
conputation of the essentially zero concentrations there is wasted
conput ati on.

The second observation is that the natural grid discretization of the
popul ation distribution is not the customary rectangul ar discretization,
but rather a radial discretization. Over a twelve-hour fire, with
t hree-hour meteorol ogical averages, wind direction can shift at nost three
times. To conpute popul ation exposures over the whole twelve-hour fire,
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Figure 15. The Chemical Control Incident Lottery
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Dl: Lottery accepted; facility sited

Pl: Fire sublottery

Cl: No fire-related release from landfill
P2: Meteorological sequence sublottery
C2: Substantial human exposures

C3: 1Insignificant human exposures
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the Gaussian plume fornula nust effectively be conputed, with respect to
rotated coordinate systems, three times. For a radial population

di scretization, the coordinates of nodes along the wind direction of course
need not be transfornmed.

Figure 16 depicts the radial discretization of the receptor grid
Because our nmeteorological data discretizes the wind direction into
thirty-six radial directions with 10 degree separations, we have
discretized the population distribution at one-kiloneter intervals along
those thirty-six wind directions.

Consi der now the computation of exposures during one particular
t hree-hour subinterval of the fire. In figure 17, we have the nodes at
which there are nonzero concentrations of pollutants: they are the nodes
along the wind direction, and the nodes on the radials at 10 degrees
"above," and "below," that wind direction. The corresponding figure 18
shows how the areal population density is discretized: the population of
the cross-hatched area--the intersection of a wedge and an annulus--is
assigned to the node at its "center." The populations of the cross-hatched
areas are in turn inputed from the known township popul ation densities
listed in table 25 and from the correspondence between the township areas
of figure 19 and the cross-hatched areas of figure 18. Any particul ar
cross-hatched area is thus conposed of several subareas corresponding to
particular townships. The population density assigned a subarea is then a
wei ghted sum of population densities, with the weights being the area
fractions corresponding to each township.

HUMAN EXPOSURE ESTI MATES

For any particular twelve-hour sequence of neteorological conditions,
the transport mpbdel of the previous section can be used to conpute the
correspondi ng human exposures. The prescription is sinple: do the
exposure calculation for each three-hour subperiod, and then conpute danmage
as a function of exposures. The latter conputation requires no nore than
an application of the dose-response function

That function may be additive, in which case our problemis relatively
straightforward, or it may be nonadditive, in which case things are nore
conplicated. For the time being, let us stick to the additive case

Human Exposure Estimates: The Case of Additive Exposures

Here we assume that the dose-response function is linear, so that the
rel evant "physical" neasure of exposure over the twelve-hour fire period is
simply the sum of exposures during the three-hour subperiods. Introduce
the notation

POP(i, j) Popul ation at ith node along jth (radial)
direction
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Figure 16. The Receptor Gid
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Figure 17. Concentrations Conputed at "X' Node Locations for a Gven Wnd
Direction

_A 10° from wind direction

--------- —L Along wind direction

~.¢ 10° from wind direction

Figure 18. Area Allocated to "X' Node

_-—\lO° from wind direction

129



Tabl e 25. Popul ation Density Per Square Kiloneter of Townships for 1980

Code Townshi p Popul ation Per Square Kiloneter
1 Eli zabet h 3,600
2 Newar k 5,776
3 Harrison 4,897
4 Kear ney 1,374
5 Jersey Cty 5, 588
6 Bayonne 3, 826
7 Staten Island Burough 2,309
8 Carteret 1,717
9 Woodbri dge 1,700

10 Rahway 2,324
11 Clark 1,214
12 Li nden 1,304
13 Rosel | e 2,949
14 Rosel | e Park 4, 459
15 Cranford 2,048
16 Keni | wort h 1,644
17 Uni on 2,281
18 Mapl ewood 2,700
19 South Orange 2,266
20 East Orange 7,769
21 [ rvington 8, 785
22 H |l side 3,298

Source: Computed from U S. Departnent of Commerce. 1980 Census of

Popul ation (Chapter A Nunber of Inhabitants. Part 32 (New
Jersey) and Part 34 (New York), 1982).
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Figure 19. Map of Townships in the Area Surrounding Elizabeth, New Jersey
(For code of townships, see table 25.)
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Source: Derived from U S. Departnent of Conmerce. “"Chapter A Nunber of
I nhabitants, Part 32: New Jersey," in 1980 Census of Popul ation,
1982.
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CONC(i, j, t) Concentration at ith node along jth radial
direction in subperiod t

EXPOS(t) Exposure in subperiod t
TEXPOS Total exposure

Then definitionally:

EXPOS(t) = 3* . CONC(i, 3j, £)*POP(1, 3) (8.1)
1,3

The factor of three arises because each of our subintervals lasts three
hours. Put another way, if pollutant concentration is nmeasured in parts per
billion, then one unit of "exposure" is defined as one person, breathing one
part per billion of pollutant, for one hour.

Since we have assumed that dammges are linearly related to exposures,
they are linearly related to total exposures, defined as:

4
TEXPOS = ; EXPOS(t) (8.2)
=1

Recal | that the variables EXPOS(t) are random variabl es, and the sequence

(EXPOS(1), . . . . EXPOS(4)) a random sequence. Thus, TEXPGOS is also a random
variable, and we nust reconstruct its distribution.

ESTI MATES OF THE COST OF RI SK-BEARING A METHODOLOG CAL ASI DE

The data we actually have is data on wind speed and direction, and sone
other meteorol ogical paranmeters, for three-hour intervals. If those data
represent observations on an underlying joint probability distribution, how
shall we estimate the parameters of that joint distribution? Mre to the

point, how shall we estimate expected damages, the quantity we are really
interested in?

That question raises a subtle issue. Per haps the easiest way to

pi npoint that issue is with a radically sinplified exanple. First introduce
some notation

T Random variabl e corresponding to the scale of
an environnental episode

t Real i zation of the random variable T

e | v, 02) Normal distribution of the random variable T
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DATA The observations (t1, .. .. gyonT
D(t) Damages associated with an episode of scale T

We assune that the distribution of the scale of episodes is known to be
normal, but that the paraneters of that nornal distribution are unknown; we
further assunme that D(t) is a known function that is synmretric about the
origin, so that

Xt) = IX-t) (8.3)

In this setting, our question is as follows: how should "expected danages"
be estimated?

Here are two candidate answers. The first is the sinplest: just wite
down, by analogy with the usual construction of a sanple nean

n
D, = %12:,1 D(Ty) (8.4)

Note that, since the T,”s are random variables, D, is a random variable. The
secol nethod is nmore conventional. From DATA, construct estinators
u, o“f the paraneters u, 0= of the distribution f. Then define

400
D, = [ atdw)e(e | u, 02) (8.5)

Q0

A A
Again, D_.is a random variable, since the estimated ¥ and ¢ are random
variables.

W suspect that D, and D, are equivalent in |arge sanples, but are not
equivalent in small sanples. ince it is characteristic of the major episode
phenonmenon that sanples are relatively small, the difference may matter

How, then, shall we choose between D1 and DZ?

For our rough enpirical work, we will work with D,, without a full
resolution of this issue. Neverthel ess, the lines alfong which such a
resolution mght run can be sketched. The real difference between D, and D
is that D, is distribution-free, whereas D, is conditioned on the assunption
that the distribution of T is nornal. hus, the choice between the two
estimators must turn on the losses that will result if the assunption on f is
i ncorrect. Finally, take note of one last point: the translation of the
random vari ables D, and D, into cost-of-risk estimtes depends upon whet her
we are risk-neutrai or risk-averse. In the general (risk-averse) case, the
cost of bearing the risk associated with D, is given by V, with Vinplicitly
defined by

u(W_ - V) = ECu(W_ - D;)) (8.6)
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In that equation, u is the utility function in wealth and W_ in initial
weal t h: taken together, u and W_ characterize individual aversion to the
particular collective risk associated with an incident |ike the Chenical
Control fire. The expected utility on the right-hand side is conputed with
respect to the distribution of the random variabl e D1,

NI TI AL EXPECTED DAMAGE ESTI MATES BASED ON RESTRI CTED DATA

Now we turn to the calculation of E(D,), The results of the exposure
calculation are given in table 26. Renenber the units of the EXPCS variable:
each unit increnent corresponds to an additional exposure, to one m crogram
per cubic meter, for one hour.

From t he conputed nunbers reported in table 26, it is a short (but
difficult) step to the danage estinmates we want. For those, the exposure
figures nmust be multiplied by an inhalation factor, a dose-response factor,
and a value of risk. The resulting cost of risk estimate is

CRI SK = | NDOSE* DORES* VRI SK (8.7)

wher e

I NDOSE = | NTRAN* TEXPOS (8.8)

The factor INTRAN is the fraction of ambient concentration that is effective
via the inhalation route, the factor DORES the dose-response "function," here
taken as a constant nultiplier, and the factor VRISK is marginal willingness
to pay to avoid increnental nortality risk. Because dose-response and
value-of -risk mulitpliers are subject to so nuch uncertainty, we wll
actually do sensitivity on these paraneters.

Table 27 reports the results of a prelimnary calculation of what is now
the array CRISK: the entries of that array give the cost of bearing the risk
of the fire, for the corresponding dose-response parameter (row) and val ue of
risk (colum). Note that the value of risk range is essentially the same one
used in our prelinmnary analyses of the other case study incidents.

But the dose-response range is new and requires explanation. It is
based upon the linear extrapolation of |ethal dose estimates for one of the
nost common and dangerous conbustion products, carbon nonoxide. Under the
| i near dose-response hypothesis, that figure can be éranslated into an
increnental annual lifetime nortality risk of 0.45 x 107°. More explicitly,
if the lethal dose corresponds to a nortality risk of 1. 0 or the certainty
of death, then the incremental annual nortality risk per gposure uni t |s tge
reci procal of that dose: the reciprocal of 2.2 x is 0.45 x
Because of the many questionable steps, and evident uncertalntles, in thls

procedure, we have chosen to bracket this range with both higher and | ower
dose-response estinates.
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Tabl e 26. Subperiod and Total Exposures, Didactic Chenical Contro

I nci dent
CASE 1 CASE 2
Subperi od Exposure Subperi od Exposure
1 0. 90E+10 1 0. 18E+11
2 0. 27E+11 2 0. 45E+11
3 0. 90E+10 3 0. 90E+10
4 0. 90E+10
TOTAL 0. 45E+10
TOTAL 0. 89E+11
CASE 3

Subperi od Exposure

1 0. 14E+11

2 0. 36E+11

3 0. 14E+11

4 0. 72E+10

TOTAL 0. 71E+11
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Tabl e 27. The Cost of Risk Array for the Didactic Chenmical Control
I ncident for Three Cases;' Costs in Dollars
CASE 1
Val ue of Risk
Dose Response 10%*4 10*5 10**6
10-t 0. 45E+10 0. 45E+11 0. 45E+12
107> 0. 45E+9 0. 45E+10 0. 45E+11
1076 0. 45E+8 0. 45E+9 0. 45E+10
10=7 0. 45E+7 0. 45E+8 0. 45E+9
CASE 2
Val ue of Risk
Dose Response 10%*4 10**5 10%+6
10-% 0. 89E+10 0. 89E+11 0. 89E+12
107> 0. 89E+9 0. 89E+10 0. 89E+11
10-6 0. 89E+8 0. 89E+9 0. 89E+10
10-7 0. 89E+7 0. 89E+8 0. 89E+9
: Assunptions on Source Terns Case 1 Case 2 Case 3
a) Number of 55-gallon druns 50, 000 50, 000 40, 000
b) Fire duration in hours 9 12 12
c) Percent of mass volatized 50% 100% 100%
d) Fraction of mass burned (0.2, 0.6 (0.2, 0.6 (0.2, 0.6
in 3-hour subintervals 0.2, 0.0) 0.2, 0.0) 0.2, 0.0)
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Tabl e 27. Conti nued

CASE 3

Dose Response Val ue of Risk

10%%4 10**5 10**6
10-4 0. 71E+10 0. 71E+11 0. 71E+12
10-5 0. 71E+9 0. 71E+10 0. 71E+11
10-6 0. 71E+8 0. 71E+9 0. 71E+10
10-7 0. 71E+7 0. 71E+8 0. 71E+9
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| MPLI CATI ONS AND CONCLUSI ONS

The variation in the cost of risk figures in the case tables above is
substantial. And there are many ways of constructing a summary neasure of
those figures, a neasure conveying their overall significance. In effect,
for any particular value of risk, any subjective probability distribution
over the three cases, and any dose-response nunber, there is a corresponding
sunmmary neasure.

But for present purposes, let us focus on what we believe is a plausible
set of val ues. Choose the |owest nunber in the dose-response range, 1077,
the niddl e of the value of risk range, 10, and our case 2, representing our
best judgnent about the condition of the site prior to, and during, the fire.
The corresponding annual cost of risk-bearing is $0.98 x 10*®, or alnost one
hundred nmillion dollars. That figure is, of course, unweighted by the
probability of the initial release, i.e., the fire. If subjective estimates
of the probability of a fire at the site were, say, 10*, the corresponding
increnental annual cost of risk-bearing is $0.98 x 10™.

Wthin this kind of calculus, that estimate would justify annual
expenditure of up to about ten thousand dollars on any policy guaranteed to
prevent an incident |like the Chemcal Control incident. Alternatively, if we
discount that figure at 10% a capital expenditure of up to about one hundred
t housand dollars would be warranted if prevention of the incident could be
t her eby guar ant eed.

In presenting that estimate, it nmust be renenbered that it is based not
only upon many assunptions, but also that we have, for the sake of

sinmplicity, assuned that all individuals are identical, and then nultiplied
by the nunber of individuals. In fact, individual valuations of these risks
will vary substantially, and it is obvious, but inportant nonethel ess, that
those individuals with very high risk valuations will have an incentive to

express them

The cost of neasures which could have prevented the Chem cal Control
incident lies outside the scope of our work, which is concerned with benefit
estimation. Nevert hel ess, some observations about the difficulties of making
such cost estimates can, perhaps, be made. For the Chenmical Control site, it
woul d be nice to have estimates of the annual cost of at |east three kinds of
preventive neasures: incineration or other neutralization of all flammable
material s, enhanced site fire security, and a switch to disposal at
alternative sites which are not |ocated close to densely popul ated areas.
Armed with rough estinmates of these kinds of costs, a planning or siting
conmi ssion could use the methods of this and the preceeding chapter in their
del i berations about at least the fire hazards associated with facilities |ike
Chenmical Control.
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CHAPTER 9

SUMVARY, CONCLUSI ONS, AND RESEARCH NEEDS

THE CASE STUDIES IN PERSPECTIVE: SOME SHARED FEATURES OF THE | NCI DENTS

The three case studies we have conpleted cannot claim to be
representative of our hazardous waste contamnation problems. They are anong
the few such problens for which there is sone basis, in data and nodeling,
for econom c damage valuation. And they do cover the range of environnmenta
transport nedia: air, surface water, and groundwater are represented.

Thus generalization fromour three cases is risky business. It is also
unavoi dabl e business if we are to get on with the task of inproving our
under st andi ng of the scope of our problens. What features, then, are shared
by these incidents?

Begin with the question of why these, and the other incidents that we
consi dered as candi date case-study incidents, have been noticed at all. The
answer may have sone bearing on the theol ogi cal question of just how nany
problem sites we have inherited from the chenmical revolution of the |ast
three or four decades. For our three case studies there are two answers:
one for the Kepone and Price cases, and a second for the Chenmical Contro
case.

In the Kepone and Price cases, the incidents were recogni zed because
"canaries" were present. In the nineteenth century, English miners took
caged canaries into the pits with them if the canaries suddenly died, mne
gases were reaching dangerous levels, and the pits were hurriedly evacuated
Thus the Kepone case cane to public attention because of the acute exposure
ef fects on Kepone production workers at the Life Sciences plant. W t hout
those effects, it is very possible that Life Sciences would still be
operating. Simlarly, in the Price case, the famlies taking their drinking
water fromwells close to the landfill played the role of canaries. When
they recognized that something was seriously wong with their water, Price's
landfill could no |onger be ignored. The Chenical Control case is of course
sonewhat different fromthese two, but for obvious reasons. Because t hat
site is above ground and located in a nmajor urban area, it could hardly avoid
being noticed by its neighbors. New Jersey Assenbl yman Raynmond Lesni ak, who
has figured promnently in hazardous substance legislation in his state, grew
up two blocks fromthe site
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But even in the Chemical Control case, the "canaries" were poorly
informed: that was also true for the Kepone and Price incidents. By that we
nmean that there was a great disparity between the information held by the
site operators and the information available to the affected neighbors.
Clearly, it is possible to talk about some notions of equitable risk sharing
when there is, in sone sense, equal access to information about the risks
bei ng shar ed. Equally clearly, by alnost any criterion there was no such
equal access in our three cases.

A second and striking general feature of our three case study incidents,
and an even nore striking feature of sone other such incidents, is the
relatively small armount of material involved. To begin with the other
incidents, the Mchigan polybrom nated byphynol incident may have involved
| ess than 100 pounds of the chemical, and the Times Beach incident |ess than
100 pounds of dioxin-bearing waste. Turning to the incidents we have
studied, the Kepone incident involved about 20,000 kil ograns of Kepone,
di scharged over about ten years, or about 2,000 kil ograns per year, not a

huge nunber for a large batch production operation. Simlarly, the tota
mass of contaminant in the Cohansey aquifer may be as little as 100, 000
pounds: over the ten-year period, that is about 10,000 pounds per year

Conpared to the kinds of mass enmission rates fanmliar from the nore
conventional kinds of pollution, these are relatively small nunbers.

A second interesting feature of our three case studies is the
i nvol venent, in each, of essentially marginal firnms: firms, or operations at
smal| scale and, in conmparison with the industry |eaders, of |ow conpetence.
It is possible to run pesticide batch-production operations safely, without
risk to enpl oyees: Life Sciences sinply chose not to run such a clean
operation, whereas many large, well-managed firns in the chemcal industry
have clearly nmade the opposite "correct"” choice. Charles Price's individual

and rather inprovisatory landfill operation bears no resenblance to nodern
disposal and landfill operations, particularly those found in Gernmany and the
Scandanavi an countri es. And even from the height at which the aeri al

phot ographs of chapter 7 are taken, a sunmary judgnent on the efficiency with
which the Chenmical Control operation was run is possible.

Third, we take note of the illegality of operations in all of our three
case study incidents: every one of them occurred in violation of an existing
permt or |aw In the Kepone incident, both Alied Chemical and Life
Sciences operated in explicit violation of their Virginia Water Board
pernits. Charles Price's operation, too, «clearly violated explicit

provisions of his permit fromthe New Jersey Departnent of Environnental
Protection. And the Chemical Control fire occurred nmonths after New Jersey
state authorities had begun to nove against the site operator for permt and
state code violations.

A fourth general feature of our case study incidents may be descri bed,
sonewhat awkwardly, wth the follow ng phrase: there was substantial

prei nci dent governnent ignorance about conditions at the site, and the costs
of gathering information about events subsequent to the incident were very
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high. For what we really know about conditions in the Life Sciences plant at
Hopewel | is summarized in the production record and in the observations of
exposed workers: that amounts to a little information on enissions, sone
basis for reconstructing exposure levels, and not nuch nmore. In conparison

the information assenbled after the incident was nmassive. In the wake of the
Kepone incident, the federal government and the governnents of Mryland and
Virginia were forced into a massive nonitoring and nodeling effort the costs
of which may have run as high as $5 mllion. Those efforts included
measurenents of anbient Kepone concentrations, neasures of the body burdens
of Kepone in edible species of finfish and shellfish, and bi oassays for
testing for the carcinogenicity of Kepone in nice. The latter alone can
often run as high as several mllion dollars.

Simlarly, the anount and quality of infornmation available to Price and
to the general public on operations at the landfill are easily characterized
Price kept alnmost no records of what was placed in the ground on his site
For the general public, the situation was even sinpler: publicly available
information on operations at the landfill consisted of the provisions of the
permt issued by the New Jersey Department of Environnental Protection. As
we have seen, Price's operations violated the provision of that permt in a
way that was al most conpul sive

But the situation after the incident was, |ike the situation after the
Kepone incident, very different. The costs of establishing the extent of the
probl em associated with the Price landfill were very high; the Atlantic Gty,
state, and U.S. Environnental Protection Agency sanpling and nonitoring
prograns around the landfill may have cost as much as ten million dollars.
The reasons are obvious: geohydrol ogical surveys, well digging, and testing
for the presence of chemicals at the parts per billion level are expensive
operati ons.

Finally, the sane general argument applies to the Chenical Control

i nci dent . Information on what was present in the druns on the site before
the fire is thin: we have the names of sone chemicals and the nanes of sone
of the originating firms. And information on what actually happened during
the fire is equally thin: the twel ve-hour period of the fire did not allow
for much accurate sanpling of the plume for identification of its
constituents. Had it been possible to organize rapidly for extensive
sampling of the plume fromthe Chemical Control fire, the expense mght have
been consi derabl e.

THE CASE STUDI ES | N PERSPECTI VE: THE DAMAGE ESTI MATES ANALYSES

About all our case studies, we can nake the follow ng rather general
assertion. Pl ausi bl e and conservative assunpti ons about source terns,
transport mechani sms, exposures, dose-response functions, and risk attitudes
lead to |arge danmage estinates. Put in other words, the gross benefits of
policies ainmed at preventing, or mitigating, incidents of this kind are
large, at l|east under some plausible assunptions.
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This can hardly be surprising: it is inprobable that these incidents
woul d have provoked the kind of public attention they have if this were not
the case. In making that assertion, we again call the reader's attention to
the inportant i ssues  surrounding individual perceptions of release
probabilities, and thus individual perceptions of the cost of bearing the
risks associated with these incidents. Wre sone teamof risk-assessors able
to produce convincing estimates of release probabilities, and were the
popul ation at risk willing to accept those estimates, things would be
relatively sinple. The correct approach to estinmates of the cost of risk
bearing would be the standard one described in chapter 2. And in fact, for
the nore faniliar and insurable individual risks, such as the risk of an
autonobi | e accident, the existence of actuarial data forces that convergence
of probability estimates.

But for the kinds of episodes we have exam ned, even skilled
ri sk-assessors will have trouble producing credible estinates. For the
failure probabilities they seek to estimate refer to uni que events, and
noreover to events the probability of whose occurrence depends upon the
incentives faced by facility operators. Beyond that difficulty is the fact
that perceptions of the population at risk regarding rare events seem al npst

necessarily conditioned by the fact of rarity. It seens inplausible that
individuals, confronted for the first tine with the occurrence of a rare
event to which they have hitherto devoted little attention, will imediately

register that new event at its true, and rather low, probability. The latter
figure might be reached only after a lengthy learning period during which the
event in question does not occur again.

That ar gument makes the connection between the true release
probabilities for a major environmental episode, on the one hand, and the
perceived rel ease probabilities, on the other, somewhat elusive. But since
that relationship is so critical to estimates of the values of policies ained
at preventing or mtigating such episodes, it should be the focus of future
research aimed at inproving our know edge of those values. The last section
of this chapter attenpts to mark out research needs within that general area
It may be safely neglected by those with linmted patience, whose interests
are in guidelines for, and pointers to, inprovenents in our hazardous
substance policies. The observation brings us to the question of individua
i ncentive.

THE CASE STUDI ES IN PERSPECTI VE: | NDI VI DUAL | NCENTI VES

A striking feature of all three of our case study episodes is what m ght
be called the breakdown of the structure of obligations and incentives we
rely upon to encourage individuals and firms to behave "properly." By
properly we nean in ways that benefit themselves and the |arger comunity or,
more narrowl y, do not negligently rain damage upon the latter.

Recal | the "specifics of the three case studies. In the Kepone case,
Life Sciences was operating in violation of permts fromthe Virginia Air and
Wat er Boards; operation consistent with those pernmits would have prevented
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the incident. In the Price's Pit incident, the sane was true: the
provisions of Price's pernmit explicitly barred disposal of |iquid wastes.
And in the Chemical Control incident, Carracino was, again, operating in
violation of permts from the New Jersey Departnent of Environnental
Protection.

What went wrong? Remenber the economic rationale for a pernmitting
requi renent and process: substitution for a market that "fails" to form
presumably for transaction-cost reasons. It is too expensive for the
residents of the jurisdictions surrounding the Chem cal Control site to
assenbl e and negotiate an appropriate |evel of prevention with the site
operator. Instead, a public body sinply nmandates that the site be operated
in a manner consistent with such a |evel of prevention.

Only the threat of punitive action, in the formof |oss of an operating
permt, or the inposition of a jail termor a fine, or all of the above, are
avail able for enforcenent of the conditions of the permt. But sinple
calculations with the fines inposed in our case study incidents suggest that
those instruments are far from adequate to conpel adherence to the terms of
the permit. The sinplest such calculation is the follow ng: under plausible
assunptions about abatement (or control) costs and fines, and assuming that
managenent is risk-averse (use logarithmc utility), conpute the probability
of detection and conviction sufficient to nake the decision to control the
rational (or wutility-maximzing) one. Cenerally, there is no probability
lying between zero and one that conpels that decision.

Even remenbering our cautions about conclusions drawn fromthree case
studies, the effect of such sinple calculations is sonewhat disturbing, for
if the decision to control is the socially rational one, those calcul ations
suggest that that decision can only be "decentralized" by increasing risk
aversion, by increasing fines, or by increasing the probability of detection
and conviction.

Perhaps the surest way to do all of these things is through the
performance bond instrunent. If the potential episode associated with a
facility can be anticipated and specified, and if conditions for forfeiture
can be clearly spelled out, the latter probability noves close to one. The
size of the bond is in effect the size of the fine, and owners and operators
are likely to act nore cautiously with an identifiable asset at risk

This general idea is, we believe, worthy of serious and specific
attention: it mght be instructive to exan ne how such bond instruments
m ght have been witten, ex ante, for each of our case studies. But even
such facility-specific instrunents cannot bear the burden of adjusting for
distorted incentives governing flows of hazardous materials el sewhere in the
econony. For that reason, we turn briefly to sonme broader issues of
hazar dous substance policy.
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THE CASE STUDI ES IN PERSPECTI VE: NET BENEFI T ESTI MATES

The objective of our three case studies was estimation of the gross
danages, to the environment and to human heal th, avoidable by policies ained
at preventing or nmitigating major environnmental episodes. But the reader
will have noted that, along the way, we have intermttently strayed over the
line into discussions of the cost of assessing and nitigating those episodes,
and the costs of enforcing the law and inposing the specified penalties.

Any study of the net benefits of prevention mtigation policies would
necessarily deal nuch nore directly with those nagnitudes. And t hat
treatnent will inevitably face several thorny practical and conceptual issues
rai sed by those cost categories. The prevention-cost category is relatively
sinpl e and unanbi guous. A policy which can prevent a particul ar episode
category is, conceptually, exactly a paynent for avoiding the corresponding
lottery, with the latter word used in the sense we have given it in our case
study chapters. If the alternatives are prevention, on the one hand, or
bearing the episode lottery on the other, the relevant net benefit figure is
exactly the differential between willingness to pay to avoid the lottery and
the cost of prevention.

The mitigation case is sonewhat nore conplicated. In practice
"mtigation" is difficult to define. The sinple notion of "restoring the
situation prior to the episode" is difficult to specify. In the Kepone case

study, for exanple, what would restoring the Janes to its original condition
mean? Presumably, "reducing Kepone concentrations, in bottom sediment and in
the water columm, beyond the level of detectability with current analytica

technol ogy" that, at least, is a definite standard. In the Price case, a
simlar standard m ght be articul ated: reduci ng concentrations of all
priority pollutants in the Upper Cohansey aquifer bel ow sone preassigned
health-effect threshold Ievels.

Both of those standards are of course likely to change over tinme, as
anal ytical nethods inmprove and as perceptions of thresholds change. But they
al so must be nmade probabilistic in order to be operational. For insuring
that all James estuary bottom sedinment is free of Kepone is inpossible, or
infinitely costly. A simlar point can be nmade about the Cohansey aquifer:
short of punping and cleansing all water currently resident in the aquifer,
there can be no assurance that sone slugs of contani nants have not been
over | ooked

Thus strict interpretations of "mtigation" are likely to lead to huge
estimates for mitigation costs. This is in fact true for the two case
studies for which ex post mitigation is a possibility. In the Kepone case,
the Environnental Protection Agency's feasibility studies estimted the cost
of mitigation, by dredging the James bottom at roughly one billion dollars

And in the Price case study, the costs of cleanup via punping, cleansing, and
reinjection were estimated to be in the tens of mllions of dollars.
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Suppose, for the sake of argument, that in each of those cases the costs
of mitigation substantially exceed plausible estimtes of the val ue of
service flows for the resource. In the Kepone case, suppose that the present
val ue of service flows fromthe Janes is |less than one billion dollars, and
inthe Price case, suppose that the present value of water supplies fromthe
Upper Cohansey aquifer is less than ten nmllion dollars. In both of those
cases, the "econonmically rational" decision, in the pose episode case, would
be to "scrap" the associated resource. Specifically, assuming that future
hunan health damages could be avoided by closing or posting the sites, the
correspondi ng service flows of the James estuary and the Cohansey aquifer
woul d be witten off as |ost. Rat her than incur the costs of nitigation
cheaper substitutes would be bought.

That conclusion should not be confused with the conclusion relevant to a
very different situation, the situation prevailing before an episode occurs.
Communi cating to the owners and the operators of facilities which may be the
case of episodes of the kind we have studied, an upper bound on potenti al
liability based upon current replacenent cost may be the wong thing to do.
There are at |east three reasons. First, the assunption that future human
heal th damages can be avoided by posting may be unduly optimistic. Second,
current replacenent cost may understate (or nmay overstate) true "econom c"
repl acenent  cost: the latter is the relevant cost concept. Third,
i ndi vi dual owners and operators may discount the potential post-episode
liability by the probabilities of detection and conviction. The latter
probabilities are likely to be very |low for some sequences posing great
danager of human health risk: |owlevel exposures over |ong periods.

HAZARDOUS SUBSTANCE PCLICIES: SOVE RUM NATI ONS

There is, as we have already noted, little basis in our three case
studies for generalization across simlar incidents or simlar facilities.
And there is certainly no basis for far-reaching conclusions regarding
hazar dous substance policy.

But because those policies are presently at the center of national
attention and public concern, and because there has been considerable genera
| earning about this terrain in our three case studies, let us say what we
can, and point to places where others nay be able to say nore

Let us agree to speak sonewhat |oosely about a class of substances
call ed "hazardous substances," and about "hazardous substance policy." In so
doing, we overlook what some consider endearing anomalies and others view as
signs of collective nental incapacity. W refer, of course, to the existence
of several substances which, though alnpbst certainly hazardous by any
objective criterion, have eluded official classification as such. Gasoline,
ubiquitous in our society and both volatile and rich in dangerous polycyclic
aromatic chemcals, seens involate. Tobacco, perhaps the substance for which
t he epi dem ol ogi cal evidence of a link with cancer is |east anbi guous, bears
the stigma, in advertisenments, of a Surgeon General's warning. But t hat
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war ni ng seenms only to have relieved the cigarette conpanies of all liability
for cancer induction, and with tobacco explicitly excluded from regul atory

consideration in the early sections of the Toxic Substances, Control Act,
consunption narches on.

O course, there is a sinple explanation: soci ety reaps inmmense
benefits from gasoline. And, for whatever reason, snokers perceive benefits
from their tobacco consunption. Mreover, there is no serious argument wth
the cliche that there are corresponding benefits associated with the use, in
production and consunption, of many other hazardous substances: t hose
benfits are, for the nmost part, successfully internalized by the market

But that is not true of the costs, including the cost of risk-bearing
associated with many of those substances. And one way to |ook at many of our
policies governing the use of hazardous substances is as arrangenents for
guaranteeing a nore tolerable, and fairer, distribution of those risks and
costs than the unassisted market would provide

At the center of our arrangements for allocating the risks and costs of
dealing with hazardous substances are three major pieces of legislation: the
Toxi ¢ Substances Control Act (TSCA), the Conprehensive Energency Response
Control and Liability Act (or "Superfund'), and the Resource Conservation and
Recovery Act (RCRA). The Superfund is, in a sense, entirely "backward
looking": it was created to speed the cleanup of contam nated sites that are
the result of our past negligence or worse. But one provision of the act
calls for treble-damage suits to recover the value of damages to natura
resources. That provision, if enforced, is certainly a powerful incentive to
avoi d the worst kinds of waste-disposal practices. The Price landfill site
is in fact one that was to receive priority attention under the Superfund

TSCA, which establishes the framework for regulating chenicals, is part
backwar d- | ooki ng and part forward | ooking. Under TSCA, an inventory of
chemi cals in comrerce was drawn up: chem cals introduced after that date
were required to pass though a premanufacture notification procedure, so that
chem cal s which m ght threaten human health or the environment could be
subjected to additional testing. In principle, if the results of those tests
are positive, plans to introduce the chenmical in question into commerce can
be reconsidered before there is an enornous commercial and societal interest
in continued manufacture and use. The premanufacture notification procedure
is the "forward-1ooking" conponent of TSCA

While TSCA attenpts to catch hazardous substance problens at the start
of the production-consunption-disposal cycle, RCRA ains at correcting the
problems that have arisen at the end of that cycle, when hazardous wastes are
processed for ultinmate disposal. Two of our case study incidents, Price's
Pit and Chemical Control, arose at this last, "ultimte disposal" stage

It is far too early to render any serious judgnent on the way these
new y created arrangerments have worked, and are likely to work in the future
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But there are reasons for concern. At this witing, the Superfund is
enbroiled in charges of misnmanagenent, political manipulation, and worse, and
progress on even those sites that have been targeted for cleanup seenms to
have been sl ow TSCA, too, seens to have produced very little, given the
| evel of funding the program enjoyed during its early years. In particular,
very little testing of new chenicals was mandated, and the infornmation
submitted to the Environmental Protection Agency under the premanufacture
notification programis in many cases too thin to sustain judgment.

Wiile all of those difficulties may be transitory and matters of the
monment, there is the possibility that they are not. Specifically, the
| egi slative mandates for hazardous substance policy were passed after mgjor
| egislative authority for the regulation of air and water pollution canme into

bei ng. For that reason, much of the hazardous substance probl em nmay have
been shifted into the land disposal problenms which are the target of the
Super f und. Because all residuals streans are to some extent related and

substitutable for one another, policies restricting the flow of hazardous
substance residuals to one disposal mediumw |l sinply increase the flow of
those residuals to the other nedia. And there is some evidence that we have
not got the bal ance right. Many argue that regulations restricting the
incineration of hazardous residuals, a process that can neutralize them and
make them safer for |and disposal, are so tight that nore dangerous |and
di sposal has in effect been encouraged

But even if we ultimately do get the bal ance between flows of hazardous
materials into the three media right, there will still be a need for
somet hing |ike RCRA Wil e neither TSCA nor the Superfund woul d have
prevented the three case study incidents we have exani ned, their
difficulties, in a general way, nay cone to plague RCRA, the program that
m ght have hel ped. The Superfund seenms to have foundered on the failure to
draw a sharp enough |ine between our past nmistakes and our future problens,
and perhaps also on traditional distributive politics. And TSCA's troubles
seemto originate in mstaken judgments about the ease with which information
can be centralized, and upon the conbination of bureaucratic incentives and
technical regulation.

RCRA AND FUTURE MAJOR ENVI RONMENTAL EPI SCDES

Under RCRA, all disposal facilities will, within a few years, have to
have passed rigorous technical standards ained at protecting the health of
the local conmmunity and at limiting the environnmental inpact of the plant.
There seens to be little quesiton that such facilities can be operated safely
and with miniml environnental inpact. The real questions seemto be: wll
they be so operated, and will the communities in which such facilities are
sited believe that they will be so operated?

The newer facilities currently being proposed will required |arge
capital investnments. If either local or national regulatory authorities have
a credible threat of closure, there will be a strong incentive to operate
those facilities safely. But threats of closure to be exercised only after a
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maj or probl em devel ops are relatively idle threats: the problemlies in
guar ant eei ng proper operation so that major problens do not devel op.

That has, in other cases, proven difficult. The tenptation is strong to
attempt to inpose such guarantees by pronul gating technical standards for
facility operation. From the point of view of the promulgating regulatory
agency, there is every reason to push the devel opnent of those standards to a
poi nt where there can be no reasonable allocation of blame to the agency
when, and if a problem arises.

It might be though that this is only a matter of cost, and of pushing
somewhat further along a tradeoff between cost and safety. But that is not

S0. Regul ation by technical standard tends to have its own dynam cs, or
rather its own "statics." St andards once promulgated tend to remain
standards, and may inpede the devel opment, and the commercialization, of
i nproved technol ogies for waste treatment and disposal. Per haps even nore
important, it is very difficult to control "plant safety" by promul gating
techni cal standards for plant operating practice. The way in which a

facility really operates, and its safe operation, often depend upon
i ntangi bl es of operating practice and operator norale that can be captured
only very inperfectly in formally pronul gated standards

Having said that, we return to the question of belief: what will the
community contenplating the siting of a new hazardous waste disposal facility
think of its prospects? There is no doubt that popular inages of what is in
store for any such conmunity have already been rather firmy fixed in the
public mnd by incidents of the kind we have exam ned. As we have argued

the firms and facilities responsible were marginal, in scale and conpetence,
and operated in an incentive environnent that nmakes what finally did happen
| ess than surprising. The exposed populations in the incidents we have

exam ned | earned, after the fact, about the risks to which they had been
exposed

Even if these features of our case study incidents are irrelevant to the
newer facilities being proposed for pernmitting, their images will renmain a
potent force in the pernmtting process for nany years to cone. That can only
be changed if accurate information about the newer facilities is relatively
accessible, even to critics and opponents of the siting of those newer
facilities. And the siting process can only go forward, so that hazardous
wast e disposal capacity is upgraded, only if there is the general belief that
the remaining risks fromthe facilities are being equitably shared

For from one perspective, that was the problemwth the facilities that
led to the incidents we have described and studied. The owners and operators
of those facilities privatized the benefits, but externalized, or socialized
the costs, and particularly the risk-bearing costs, of those facilities.

They were able to do so, for the nost part, by failing, through onission or
commssion, to inform the comunity at risk of the nature of their

oper ati ons.
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In the future, siting will require nore open risk-sharing arrangenents,

nore openly arrived at. The permitting process will guarantee that rents
will accrue to the newer facilities that are permtted and sited. And sone
of those rents will necessarily be transferred to the host comunities, in

the form of tax-base contributions. Until both perceptions about the hazards
posed by such facilities and the true hazards stabilize, that may be the best
we can hope for. It is our hope that the nethods devised and explored in
this volume will be of some help to participants in that process as they work
toward articulating their concerns, and toward risk-sharing agreenments that
they can agree upon as nutually advantageous and fair.

RESEARCH NEEDS

Looking forward, perhaps overoptinistically, to a period over which that
transition occurs, what can and should be the contribution of research and

anal ysis be? The answer depends upon the perspective adopted. It is
possible to stand outside the process, and try to understand how that process
wor ks. And it is possible to becone an active agent in snoothing that

transition period. The two perspectives conplenent one another, but they are
useful Iy distinguished.

From the first perspective, perhaps the npbst inportant elenent in
understanding how the process works is understanding how individuals, and the
public at large, forminpressions of the risks posed by particular facilities
and technol ogi es, and how those perceptions are inplenented in the politica

process. Recal | that all estimates of the cost of risk bearing ride on
essentially subjective estimates of the probability that the episode, or
incident, imposing the particular risk does occur. And for episodic, or

definitionally intermttent events, here is no natural |earning process
forcing perceptions of those probabilities toward any actuarial value, if
i ndeed there is any such val ue

In chapter 2, we lunped all the intriguing ideas about the ways
individuals form their risk perceptions under the heading "anxiety," and then
parsed anxiety into several interpretations with very different theoretica
properties. That inquiry is extended, still to little mre than a beginning,
in appendi x E. For present purposes, consider only the nmost intuitively
pl ausi bl e argument for individual risk perceptions far higher than
"actuarial" probabilities. Prior to their occurrence, little attention or
cognitive effort is given rare events. After an initial occurrence, those
events are placed on a cognitive agenda, and ranked, in probability, along
with nore fam!liar hazards. Thus, at least for a tine, their probabilities
may seriously overestimated. During that time, the cost to individuals of
bearing the risk is considerably higher than the cost that would be conputed
based on "actuarial" probabilities.

It seens likely that sonething like this effect is at work when
individuals in a community object, vehemently and sometines even violently,
to the the siting of a facility which, "on average," seens to have been
rat her safe. Moreover, reports by the nedia of accidents of one kind or
anot her
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whi ch are even vaguely related to the facility in question seemto reinforce
the initial accident-probability overestimate. Mst of us, and even those of
us who are trained in probability and statistics, have a hard tinme pinning
down the true popul ation relevant to making inferences about some particul ar
event: many things that seemrelated nay in fact be quite independent, and
may therefore offer no useful information about the event of interest. Thus
it may be the case that the information that a particular chenical has been
found carcinogenic is relevant only to the carcinogenicity of other chemcals

in a particular class, of which it is a nenber. Nevert hel ess, that
conditioning information is intrinsically harder to convey than the sinple
fact of carcinogenicity. And conveyance of that sinple fact often is

registered in a way that is misleading about many other chem cals.

Argunents such as these seem nore plaushile, and certainly nore
testable, as accounts of certain kinds of public concerns than others that
have been proposed, such as Aaron W]l davsky's thesis that there have been an
al |l -around increase in paranoia. But sharpening and testing ideas such as
these will require a greater degree of collaboration between cognitive
psychol ogists and utility and risk theorists. Thus far, the early returns on
such collaborations are a few candidate heuristics, suggested methods
i ndi viduals use for organizing their risk perceptions. We still know
relatively little about the properties of even those very sinple heuristics.

Finally, return to the second broad perspective we identified: the view
fromwithin the process of change in our institutional arrangenents for
managi ng the neutralization and disposal of our hazardous materials. Recal
t he general devel opnent we envi si oned. The states would help in the
organi zation of regional hazardous waste nmanagenent authorities, and woul d
allow, through the pernmitting process, for those authorities to earn rents.
The host communities for the new facilities would, in effect, bargain for
conpensation for the cost of risk bearing, by bargaining for those rents.
Over time, and with experience with the new facilities, risk perceptions and
risk realities would converge. In the end, we would be left with disposa
facilities earning small, or zero, rents, but fully conpensating the host
communities for the risk borne by those communities.

That process will work to the extent that the parties to the process are
constrained, in their aspirations and demands, by considerations of fact and
feasibility. This, we suspect, is where the new discipline of risk
assessnent can neke its greatest contribution. The ki nds of nodels and
calculations explored in the case studies can easily be turned to the purpose
of exploring a variety of hypothetical situations and their consequences.
Advances in mcrocomputers and interactive graphics over the past ten years
have nmade possible for that exploration to proceed in the real tinme of the
pl anning, or bargaining process. Thus the cost of negotiating risk-sharing
agreenents between the operators of waste disposal facilities and elenents of

the host community, or their political representatives, may now be tolerable,
and nay even be quite nodest. In such agreenents may |lie our best hope for

avoiding future major environmental episodes.
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APPENDI X A

OTHER CANDI DATE CASE STUDI ES CONSI DERED

| NTRODUCTI ON

In recent years, several striking episodes of environmental pollution
have received considerable attention: Kepone pollution of the James River in
Virginia and the Love Canal incident in New York State are anong the
prom nent exanples. Some of those episodes have shared several distinctive
features. The onset of the problenms has often been sudden, or recognition of
the problem has frequently been late in coming, so that there is
conparatively little time for individuals and firns to nake the required
adj ustment s. And anxi eties about the incident may be a major, albeit a
psychol ogi cal, aspect of the burdens inposed by the episodes.

For these and other reasons, rigorous and quantitative analysis of the
damages inposed by such episodes nmay require data and information, and sone
conceptual work, distinct fromthe correspondi ng requirenents of analyses of
the nmore famliar kinds of environmental degradation. Under Cooperative
Agreenment CR 807 901 010 between Resources for the Future and the
Envi ronmental Protection Agency, Resources for the Future estimated the
damages associated with the Kepone incident, and then perforned several
subsequent case studies. Those damages translate, as damages avoided, into
benefits of policies ained at preventing or mitigating such episodes.

In this docunent, we list those candidate case studies that were
considered, but ultimately rejected in favor of others. Each candi date
incident is identified and some descriptive material is presented. That
descriptive material includes what we were able to |earn about the kind, and
the quality, of information and data available on the particular incident.

THE | NCl DENTS

G en Cove, Long Island, New York

In early 1977, New York State established nmaxi mum pernissible
concentrations for carcinogens in drinking water: no nmore than 50 ppb of any
single cia\rci nogen, and no nore than 100 ppb of carcinogens in total, are
allowed, In June 1977, testing results showed contam nation of several
wells in Gen Cove, a north shore Long Island community. The mayor of G en
Cove ordered four affected wells closed.
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Table 28. Glen Cove, Long Island

Sources of Pollution

Inltial Re]cise

Secondary Sources
(Aquifer Water)

Transport Mechanism

Transport in Aquifer

Damage Catepories

Health Effects

CapliLal losses

Informat fon jnd bData Sources Comments

N.Y. State Department of Health and
Department of Environmental Conserva-
tion estimates; the 208 study noted
below. bata is also available f(rom
the Couunty Health Department on uwonltor-
Ing program,

Sources are nonpoint and
various; well, cesspool
additives, spllls, waste
discharges by area indus-
try, gasoline tank leaks,
pesticide runoff, etc. )

i

Extenslve sampling done by both county and
EPA. -Seclon 208 (Federal Hater Pollu-
tion Coulrol Act) grant ia 1975 to
locate the source, and evaluate the
serlousness, of the problem.

The U.S. Geologleal Survey has done con-
siderable work on aquifer here (see USCS
Bulletin 62). County lealth Department
has also done a study.

State estimates one additional cancer in
100,000-1 million people drinking 2
liters/day of walter for 70 years.

Major losses suffered by town of Glen Cove
from nced to fumediately replace water
supplies; estimites of cost of alterna-
tive water supply system avallable from
town.



Water was purchased from nei ghboring comunities at a cost of $1,000 per
day, and a water energency was declared. den Cove began to search for
alternative sources of water supply, such as treatnent of water fromthe
contaminated wells and drilling new wells.

Lathrop, California

The Cccidental Chenical Conpany's facility in Lathrop, California, has
been the source of extensive environmental contamination and potential human
health problens in the town of Lathrop. For many years, Cccidental and its
predecessors have dunped chenmical and radiol ogical wastes into unlined ponds,
a lined pond, ditches, and other disposal areas in the
Lathrop facility. Liquid and solid wastes from the manufacture of pesticides
and fertilizer products at the plant have percol ated downward through the
soil, causing pollution and contam nation of the underlying shall ow
gr oundwat er . This shallow groundwater, the top layer of which lies
approxi mately seven to twenty-four feet fromthe surface, generally mgrates
in a northerly direction fromthe Lathrop facility toward the cities of
St ockt on and Lat hrop. Pol |l uted groundwater fromthe facility's disposal
areas has, in the course of nmigration, reached groundwater that is the source
of drinking water for the Lathrop County Water District. The District's
wells are |located approximately 1.5 miles fromthe facility and serve nore
than 3,000 persons. In addition, other local donestic and public water
supplies in the district have been affected.

Cccidental Chemical Conpany is a wholly-owned subsidiary of Hooker
Cheni cal Cor porati on, whose  parent conpany is Cccidental Petrol eum
Cor porati on. Its main production facility, located in the town of Lathrop,
lies approximately ten nmles south of Stockton, California, and 1.8 mles
east of the San Joaquin River in San Joaquin County. The plant is bordered
by an autonobile glass nmanufacturing plant, a dairy farm two streets, and
the outskirts of Lathrop.

The conpany and its predecssors have nanufactured, formulated, and
handl ed pesticide and fertilizer products at the Lathrop facility since 1953,

when the original Best Fertilizer Conpany plant was constructed. In 1963,
Qccidental acquired Best and has continued to produce pesticides including
di bronochl oropropane (DBCP until 1977), heptachl or, hexachl orocyl ohexane

(BHC), the gamma isoner of which is comercially known as Lindane,

s,S,s-tributyle phosphorotrithioate (DEF), chlorodane, dieldrin, ethylene
di bronide, dinethoate, and 1,1,1 trichloro-2, 2-bis (p-chlorophyenyl) ethane
(ot herwi se known as DDT, and still manufactured in the United States for
export). In addition Cccidental has produced a wi de range of fertilizers
such as sulfuric, phosphoric, and flurosilicic acid, anmonia, amoni um
phosphate, and ammoni um sul fate. Gypsum (al so known as calcium sulfate) is
produced as a fertilizer by-product.

As long ago as 1960, the California Regional Water Quality Control Board

issued a resolution prohibiting Cccidental's predecessor, Best Fertilizer,
from di schargi ng cheni cal wastes which woul d cause the | evel of inorganic
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Table 29, Lathrop, California

Information and Data Sources Comments

Sources of Pollution

Initial Release

Secondary Sources
(Aquifer Water)

Transport Mechanism

Transport in Aquifer

Damage Catepories

Health Effects

Capital Losses

Wastes deposited in unlined ponds
since 1953.

California State Reglonal Water Quality
Control Board ordered Occidental
Petroleum Corp. to survey the area and
report findings (Ca. Reg. Order 79-76).
Study done by Barr Engineering Co.
Several other studies of area water
quality are also available.

The above study also included a report on
movement in aquifer. Data also avail-
able from Lathrop County Water District.

No acute effects known. However, 45.7%
of Occldental employees accidentally
exposed to DBCD in company water have
reduced or nonexistent sperm counts.
Possibility exists for linkage to water
pollution.

Property values may have declined.
Groundwater is also the prime source of
domestic, agricultural, and industrial
water in the valley.




chemicals in usable groundwater to exceed permssible limts or otherw se
pollute ground or surface waters so as to be deleterious to hunan, animal, or
aquatic life. In 1968, this resolution was reissued to Cccidental.

Since then, a host of hazardous chenicals have been discovered in the
vicinity of the facility, and sone of these have migrated from contai nnent
ponds and di sposal areas to the Lathrop County Water District wells. Anong
the on-site disposal facilities are an unlined pesticide waste pond, six
unlined gypsum ponds, an unlined concentrator pond that cools phosphoric acid
pl ant concentrator, a hydraulic asphalt-lined rainwater runoff pond, a
cooling pond disposal ditch used to transport pesticide wastes from the plant
to the pesticide pond, and a "boneyard" disposal area where solid pesticide
and heavy nmetal catalyst wastes have been disposed.

Hazar dous wastes that have migrated to the Lathrop District drinking
wel | s and have been found in detectable Ievels include the follow ng: DBCP,
a known ani mal and suspected human carci nogen whi ch causes sterility in
mal es, Li ndane, a toxic pesticide and known aninmal carcinogen which
drastically affects reproduction in aninmals, and DEF, which damages the
central nervous system Al pha radiation fromuraniumin gypsum ponds has
al so been detected in the Lathrop water supply, water wells, and irrigation
wells; al pha radiati on exposure can cause |eukeni a. Anong the chenicals
detected in the soil at the facility, and/or in the groundwater, are
chl ordane, dieldrin, heptachlor, ethylene dibronide, dinmethoate, and DDT.
these are toxic and are known ani mal carcinogens. concentrations of sulfates
and nitrates exceeding the Regional Water Board's linmts have also been found
in production wells in the vicinity of the Lathrop facility.

The Justice Departnment, acting for EPA and with the state of California,
filed suit in Federal District Court in Sacranento on Decenber 18, 1979
against Cccidental and its parent corporation, charging that the conpany's
di scharges pose an "imminent and substantial endangernent to health and the
environment” and will continue to do so in the future.

Cccidental is specifically charged with having taken inadequate account
of possible environnental dangers fromits waste deposits over a period of
years in unlined or inadequately lined ponds and other disposal areas, with
failure to take adequate precautions to prevent waste mgrations and
ultimately contam nation of agricultural, industrial, and domestic water, and
with failure to report its discharges of pesticides and radiol ogical
subst ances.

The suit asks the court to enjoin the conpany to conplete cleanup
neasures by July 1, 1981 to prevent further mgration of groundwater
contanminants. The neasures include inplementation of a conprehensive plan to
determne the extent of pesticide, chemical, and radiological contanm nation
of nearby groundwater and soils, immediate and perpetual nonitoring of
contaminants to verify that the migration has ceased, evacuation of hazardous
waste materials and contamnated soils from various disposal areas,
curtail nment of hardous, liquid, and solid waste storage for any period in
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excess of 6 nonths, cessation of the discharge of pesticide, chenmical, and
other wastes to surface water, groundwater, or land, a guarantee to the state
of sufficient funds to cleanup, and provision of drinking water to any users
whose water supply is contaninated by discharge from Qccidental /Hooker's
Lathrop facility. In addition to this injunctive relief, the suit asks for
financial reinbursenent to California and the U S. for costs incurred in
determining the extent of the public health and environmental threat, and for
substantial civil penalties to the state of California for continuing
violations of the Regional Water Board's orders.

Stringfell ow Disposal Site, Riverside County, California®

The Stringfellow Class | Disposal Site landfill contains a wide variety
of industrial wastes (prinmarily spent acids and caustics), totaling
approxi mately 32,000,000 gallons in 19 years. Contam nation of groundwater
has occurred from leachate and surface runoff. The state legislature in 1978
appropriated $370,000 for closure and naintenance of the Stringfellow site by
the Santa Ana Regional Water Quality Control Board. The costs of final
closure--closing the site to new wastes, covering the site, and nonitoring
groundwater surrounding the site--are now estimated at $20-40 nillion.

On March 5, 1980, the Regional Response Team deternined that
Stringfell ow was | eaching wastes to the Santa Ana River, and in inmnent
danger of nmmjor structural failure. $290,000 in 311(k) funds® was spent over
ten days to renove 4 mllion gallons of wastewater, reinforce containnments,
and repair the access road. Leachate was controlled, and there were no major
di schar ges.

Waste recieved primarily wastewater treatnent, dilution, and was then
di scharged through an ocean outfall.

Acton, Massachusetts

During extention work on the Metropolitan Boston Transportation
Authority, workers discovered contamnants in the area being surveyed. An
investigation traced them to dumping by the W R Gace Conpany (a conpany

study disputes this). Wastes had been dunped at the site in question since
1942, and the location of the site--on a wetland and near a creek-were al so
cause for concern. The location of a reservoir which supplied Canbridge--

only 2,000 feet fromthe site--also created problens.

Forty percent of Acton's water supply has been cut off since Decenber
1978 because of the contamination by benezene, trichloroethylene, toluene,
and ot her organics.

Woburn, Massachusetts

A hazardous waste disposal site in Whburn, Missachusetts, is under
investigation in what may be one of the ol dest chenical disposal areas in the
country. The site, located in the northern section of the town, covers
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Table 30. Stringfellow Disposal Site, Riverside County, California

Information and Data Sources

Corment s

Sources of Pollution

Initial Release
Secondary Sources 1977 study done by Regional Vater Qualit
(Aquif()elr Vater) Board. / ) Qality

Transport Mechani sm
Transport in Aquifer See above study.

Damage Categories
Health Effects No major health effects known fromsite.

Capital Losses Potential loss of both ground and surface
water supplies.
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Tabl e 31. Acton, Massachusetts

Information and Data Sources

Coment s

Sources of Pollution

Initial Release

Secondary Sources
(Aquifer Vater)

Transport Mechani sm

Transport in Aquifer

Damage Categories
Heal th Effects
Capital Losses

Town did a study on source and |evel of
contam nants.

W R Gace Conpany study and Massachu-
setts Department of Environnental
Quality Study; also town study
ment i oned ahove.

Town study also included nonitors of
movenenf in aquifer.
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Table 32. Woburn, lMassachusetts

Information and Data Sources Comments
Sources of Pollution
i
Initial Release
Secondary Sources Massachusetts state agencies have
(Aquifer Wa'ter) estimated.

Transport Mechanism

Transport in Aquifer USGS and Massachusetts state agencies.
Damage Categories

Healith Effects Massachusetts Department of Public fealth

has analyzed data on cancer mortality
for the area. Death rates have been
gignificantly higher for some cancers
{notably leukemla). Additional work is
planned to attempt to correlate this
with chemical exposure.

Capital Losses




approxi mately 800 acres. Historically, the area has been inhabited by many
industries known or suspected to have used dangerous chemicals. A portion of
the site was occupied by Merrinmac Chemical, a conpany which supplied acids
and other chemicals to regional textile, leather, and paper industries. Over
the years Mnsanto, Stepan Chemnical, and Stauffer Chem cal have operated
facilities in the town of Wburn or in the Aberjona River drai nage basin.
Recently a portion of the area was acquired by a local devel oper who
subdi vided and sold several parcels for comercial devel oprment.

A nurmber of known contami nants were disposed of on-site in substantia
quantities. Heavy netal s associated with tannery wastes--chronium arsenic,
lead, and zinc--as well as volatile organics and chlorinated organics, were
di sposed of in the area. It is now suspected that these wastes are
contamnating the air, soils, and groundwater, and may be responsible for
human health problens in the region

The Massachusetts Departnent of Public Health has begun to anal yze
cancer nortality statistics for this area for the period 1969 through 1978.
Age- adj usted death rates for these years were 13% hi gher than would be
statistically expected from 1972 until the present, and the acute chil dhood
leukemia rate is nore than double statistical predictions. For the census
tract, which enconpasses the southern portion of the town, |less than one case
woul d be expected in a 15-year period. Eight cases have been observed.

These results suggest that nmore thorough analysis of the relationships
bet ween health and environmental quality be undertaken. Studies® are now in
progress. Although federal and state consent decrees under wetland protec-
tion |aws have been negotiated to deal with about 250 acres of the site, a
nunber of additional hazardous sites nust be investigated further.

Mont ague, M chi gan

1.2 mllion cubic yards of hazardous materials were dunped on an 880

acre site by Hodren Chemi cal Corporation near Mntague, M chigan. State
officials estimate that 20 billion gallons of groundwater have been contam
i nat ed. Heavy rainfalls often wash up to 800 pounds of wastes into nearhy

White Lake, which drains into Lake M chigan. Dioxin, chloroform carbon
tetrachloride, mrex, and other contanminants are present at the site. Twelve
wel | s have been closed and a warning placed on eating fish from Wite Lake.
The site has produced the highest dioxin levels ever recorded in the state of
M chi gan

Jackson Township New Jersey

In 1972, the Jackson township rmunicipal landfill was |icensed by the New
Jersey Departnent of Environmental Protection (NJDEP) to accept sewage sludge

and septic tank wastes. But chem cal anal ysis of underlying groundwater
i ndicate that there has been chenical dunping. The landfill was recently

closed to all wastes.
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Tabl e 33. Montague, M chigan

Information and Data Sources Coment s

Sources of Pollution

Initial Release

Secondary Sources
(Aquifer Vater)

Transport Mechani sm

Transport in Aquifer

Damage Categories
Heal th Effects

Capital Losses

Rel eases occurred over alnmost 20 years;
order of magnitude estimtes, based
upon 1965 and 1968 studies by the
Deep VeIl Pollution Control Corp.,
my be feasible.

Mchigan Vater Resources Commission study;
the”Mchigan Departnent of Natural
Resources has al so done work on the area.

Mchigan Departnent of Natural Resources
and”USGS data avail abl e.

Resi dent s reFort nausea and. headaches;
animal test data suggest inportant
health risks.

Losses in fishing in |ake, replacement
water costs, tourism off 15-25%
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Table 34. Jackson Township, New Jersey

Information and Data Sources Comments

Sources of Pollution
]

Initial Release

Secondary Sources
(Aquifer Water)

Transport Mechanism

Transport in Aquifer

Damage Categories

Health Effects

Capital lLosses

EPA cleanup project in progress; data
from this effort are available.

Same as above.

Residents claim premature deaths, kidney
problems, rashes, etc. from exposure.

Alternative water supply costs, over 100
wells serving over 1,000 people closed,
146 families using bottled water.




The landfill abuts the Rideway Branch of the Tons River and overlies the
Cohansey Aquifer; at present that aquifer is the sole source of drinking
wat er for Jackson Township. The soil is conposed of porous sands, and there
are no natural or manmade liners to prevent the migration of toxic chemcals
fromthe landfill into drinking water wells. As of August 1980, water was
still being trucked into the comunity.

Approxi mately 100 drinking water wells surrounding the landfill have
been cl osed because of organic chenical contanination. Anal yses of water
sanmpl es have established the presence of chloroform nethylene chloride,
benzene, toluene, trichloroethylene, ethylbenzene, and acetone. Resi dent s
claimthat premature deaths, kidney malfunctions, kidney renovals, recurrent
rashes, infections, and other health-related problems are due to the
contanmi nation of their water supplies by the landfill. Al though use of the
wells for drinking water has been banned, residents are still using well
wat er for bathing, dishwashing and irrigation because no other dependabl e
source of water exists.

The state is taking |egal action against the township. Recently, the
landfill was closed. Residents were drinking the well water until Novenber
1978 and had been bathing with the water until January 1980. A $1.2 million
substitute water supply system is planned for the affected residents.
However, the township anticipates that the 100 residents may have to bear the
costs of the state lowinterest |oan. No action to restore groundwater
quality is contenplated

Pl unst ead Township, New Jersey

Rural Plunmstead Township, New Jersey, was the site of four hazardous
waste dumps in the late 1960s into the 1970s. Wth groundwater only 15 to 20
feet beneath the sandy soil surface, contam nation by the approxinately 5,000
cubic yards of waste at the site occurred quickly. There are private wells
within three quarters of a nile fromthe site.

Plumstead is also the site of a major cleanup effort by the state of New
Jersey, and thus information on contam nant |evels should be relatively
accessi bl e. Moreover, attenpts to clean the groundwater have required
devel opment of data on the hydrology of the area

Toone, Tennessee

In 1964, a large fish kill in the Mssissippi River was traced to
pesticide wastes dunped by the Velsicol Chem cal Conpany plant in Menphis,
Tennessee. Vel sicol subsequently established and used a dunp site in Toone,
Tennessee, a small Hardeman County community. Anong the chemicals dunped at
the Toone site are eldrin, dieldrin, heptachlor, and hexachl orocycl o-
pent anene.

The isolation of those residuals at the Toone site is unfortunately far
from secure. Leaching of the above chemcals through the soil at the site
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Tabl e 35. Pl unstead Townshi p,

New Jer sey

Information and Data Sources

Comment s

Sources of Pollution

Initial. Release

Secondary  Sources
(Aquifer Vater)

Transport  Mechani sm

Transport in Aguifer

Damage Cat egori es
Health Effects

Capital Losses

New Jersey Department of Environnental
Protection estimates.

New Jersey Department of Environnental
Protection estimates.

New Jersey Department of Environmental
Protection estimates; developed during
attenpts to cleanse groundwater.

Site is in a remte area; little human
exposure.

Destruction of groundwater resource,
cleansing operation costs.




9T

Table 36. Toone, Tennessee

Information and Data Sources

Comments

Sources of Pollution
I

Initial Release

Secondary Sources
(Aquifer Water)

Transport Mechanism

Transport in Aquifer

Damage Categories

Health Effects

State of Tennessee Department of Public
Health

State of Teunessee Department of Public
Health study, completed October 1978;
further studies in progress.

United Stated Geological Survey (USCS).

Toxicological studies on chemicals
released to aquifer; exposure and
epidemiologlcal studies by the Center
for Health Sciences, University of
Tennessee and Center for Disease
Control, University of Cinncinatti.

Department has made esti-
mates of contents of dump
site as of date on which
dumping was halted.
Chemical composition of
releases is knoen from
analyses of aquifer water.

Officials of Department have
expressed willingness to
share results of ongoing
studies.

USGS monitoring of toxics
transport at site dates to
at least 1967 when initial
danger of Iinfiltration was
cited; there has been sub-
sequent work on migration
of toxics 1n the aquifer.

Many of these chemicals have
already been studied so
that potency results are
available
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Table 36. (continued)

Information and Data Sources

Comments

Damage Categories (continued)
i
Capital Losses

Residential property losses estimated by
State for purposes of compensation;
value of aquifer services.

Residential property values’
available from both State
estimates for compensa-
tions and existing local
valuations; estimate of -
the value of aquifer ser-,
vices available from costs
of alternative water
supplies.




and into the aquifer supplying the conmunity's drinking water requirenents
has occurred. This possiblility was recognized as early as 1967, when the
United States Geological Survey determined that a shallow water table Iying
between the dunp site ground and the aquifer was contamnated. Only in 1974,
when the | ocal residents conplained of foul-snelling water, was it recognized
that aquifer contamination--and human exposure through drinking water--was
present. Only then was a new source of drinking water substituted for water
drawn from the contam nated groundwater.

Tabl e 36 summarized the infornmation available on the Toone episode
Both state and federal agencies have developed information on releases to the
aquifer fromthe dunp site and on contamnant levels in drinking water wells.
Sonmewhat unusual is the availability of (acute) health-effect studies based
upon direct observation of the exposed popul ation.

Gray, Mine

In Septenmber of 1977, the MKin Conpany was ordered to close by town
officials of Gray, Main, due to drinking water well contanination associated
with the conpany's chenical waste site. The McKin was built in 1972 to
process waste oil fromthe Tamano oil spill in Casco Bay. From 1972 unti
1977, it was operated primarily as a transfer station for fuel still bottons.
Liquids stored in existing tanks were mixed together for final shipnment to
re-refiners. Approximately 100,000 to 200,000 gallons were annually
processed by MKin at the Gay site.

There is evidence that chenmicals spilled fromthe processing facility
have |eached into the groundwater aquifer. An unpleasant taste and offensive
odors in the drinking water were reported in 1974. Sanples of drinking water
were submitted to the state laboratory for testing, but the contam nants were
not identified. The well water discolored laundry, and some residents turned
to alternate sources for their water supply.

In 1977, tricloroethane, tricloroethylene, freon, acetone, xylene

di nethyl sulfide, trinethylsilanol, and alcohols were identified in drinking
wat er . Toxic organics were detected in eight donestic wells within 2,000
feet of the MKin Conpany. The town health officer subsequently ordered
sixteen contaminated wells in the area capped. Traces of nany of these sane
chemcals have also been found in the town's public water supply.
Contaminants are thought to have leached into the water table from the town
dump where the conpany disposed of its chenical wastes.

Renedi al measures have been undert aken. The town has installed an
alternative water supply to the threatened hones in the area at a cost of
approxi mately $600, 000. Hal f of the funding was comitted by the U S
Depart ment of Housing and Urban Devel opnent (HUD). Addi tional costs for
cleanup of the MKin facility have been estimated at $50, 000
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Table 37. Gay, Mine

Information and Data Sources

Corment s

Sources of Pollution

Initial Release

Secondary Sources
(Aquifér Vater)

Transport Mechani sm

Transport in Aquifer

Damage Categories
Health Effects

Capital Losses

Estimtes by town and state officials.
Data fromcleanup project.

Data fromcleanup project.

Skin rashes, loss of balance, and |iver

and bi adder di sorders associated with

Posure to the chemcals found in the
water have been reported.

Repl acement water supplies for residents.

Proj ect carrled out b%
town, funded
De artment of I-k)u5|n
Urban  Devel opment.

us.
and.




NOTES

1 . ) . .
These standards are based on a risk assessnment of a one in a mllion

cases of cancer per year based on lifetime exposure (seventy years) of two
liters of water per day per person; personal conmunication; Nassau County

Heal th Departnent.

The Long Island aquifers are designated sole source aquifers by the
U S. Environnental Protection Agency.

3Personal communi cation, Santa Ana Regional Water Quality Control Board.

4Section 311(k) of the Federal Water Pollution Control Act, as amended.

5We have received a draft of an epidem ol ogi cal study from Whburn
officials.
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APPENDI X B

KEPONE CASE STUDY DATA APPENDI X

| NTRODUCTI ON

Thi s appendi x brings together Kepone case study data, identifying
sources and gratuitously comenting on peculiarities in, and deficiencies of,
those data. W nmarch through data on Kepone production and rel ease, Janes
River and James River flow, Kepone toxicity and persistence, and popul ation
exposure and (Janes River and Chesapeake Bay) fishery data, nore or less in
that order. The order is a natural one for the damage cal culations which are
the object of our enterprise

KEPONE RELEASE AND PRODUCTI ON DATA

Tabl e 38 summari zes what we know about Kepone production fromthe plant
at Hopewell. That table is divided into tables 38a and 38b because, in 1974
production ceased at Allied Chenical's Sem -Wrks plant and began, under
license, at the Life Sciences plant. This data was assenbled in EPA (1978).

How shoul d we interpret the two changeover-year production estinmates?
In 1974, we have production estimates for both the Alied Chemical Sem -Wrks
plant (72,000 kg) and the Life Sciences plant (384,020 kg). Here is a
plausible intepretation, which nay even be correct: Life Sciences took over
the plant, and expanded production to--actually above--previous |evels.

Of course the production data is interesting only as a guide to guesses

at, and to the interpretation of, release data. Before turning to that
rel ease data, note that actual plant operating practice may not have changed
drastically with the changeover in control: there seens little doubt that

rel eases of Kepone into the Janes began as early as the initial year of
operation, 1966, and continued until the plant was closed by Virginia
authorities in 1975.

KEPONE RELEASE DATA
Rel ease data is very easy to summarize: we have al nbst none. Wat is

avai |l able for purposes of estimating--or reconstructing--releases of Keﬁone
into the James over the period 1966-1975? Only two kinds of evidence: the
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Tabl e 38. Kepone Production at Hopewell, Virginia

Tabl e 38a. Kepone Production at the Allied Chenmical's Sem -Wrks Plant,

1966- 1974
Year Kepone Production
(ki l ograns)
1966 35, 935
1967 47,990
1968 36, 535
1969 46, 990
1970 41, 460
1971 204, 800
1972 176, 970
1973 100, 435
1974 72, 260
TOTAL 762, 875

Tabl e 38b. Kepone Production at the Life Science Plant, 1974-1975

Year Kepone Production
(ki l ograns)

1974 385, 370

1975 384, 020

TOTAL 769, 390
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rel eases into the Janes persisting after closure of the plant, and estinates
of the anount of Kepone currently residing in Janes River sedinent.

The former number would naturally be suspect as a guide to what the
plant actually released while it was operating: it represents continuing
rel eases through the Hopewel|l primary sewage treatnent plant. But the actual
number is so small--about 6 grams per day--that this evidence is essentially
wort hl ess. At that rate it would take about a thousand years-- 20, 000
kil ograns divided by 6 grans per day--for even the Kepone currently in Janes
Ri ver sedinment to be released fromthe plant. For that reason, our estimates
of actual releases, and our probability distributions over potential
rel eases, have been based upon estimtes of current Kepone resident in Janes
Ri ver sedinent.

JAMES RIVER AND JAMES RI VER ESTUARY FLOW DATA

Generally there is an enbarrassnment of riches of data on flow rates of
Amrerican rivers. For that state of affairs we have the United States
Geol ogi cal Survey to thank: the Survey's series, of which Water Resources
Data for Virginia is the relevant subseries, is the repository of that data.
There is very little to conplain about regarding data relevant to estimating
the probability distribution of fresh-water inflows to the Janes River.

But of course the Janmes is tidal, or estuarine, just above the l|ocation

of Hopewell, Virginia, so that all Kepone releases into the James were in
effect releases into the estuarine portion of the river.

Because the Ceol ogical Survey's "natural jurisdiction" does not extend
below the river fall line and thus does not extend into the estuary, we do
not have a data base on estuarine flow conparable, in richness and detail, to
what we have on the Janes River in particular (and on American rivers in
general). Al that we have is one set of data accunul ated, for somewhat
di fferent purposes, by the Survey, and the neasurenments on the estuary taken
in connection with the Environnental Protection Agency's study of the Kepone
probl em

Tabl e 39 below presents the first of those two data sets. In 1971 and
1972 the Geol ogical Survey pulled together one data set including
neasurenents of average nonthly net flow at several river sites upstream
of the James fall line, at the fall line--Richnond, Virginia--and at the
mouth of the James River estuary, where the estuary neets the Chesapeake Bay.
The last two values are inputed fromdata on tributaries flowing into the
James estuary. The first three, neasured on the river itself, were taken at
Buchanan, Bent Creek, and Cartersville.

The second set of data on Janes River estuary flow was taken in

connection with the Environnental Protection Agency's study of Kepone
pollution of the James River (EPA, 1978). Figure 20 below | ocates the

sanpling stations for this data set, all of them between Hopewell and the
turbidity maxi mum of the James estuary.
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Tabl e 39. Janes River and Estuary Flow Data, Cubic Feet Per Second

Recording Station

Year Month Buchanan'  Bent Creek® Cartersville®*  Richmond® E'\S/;-B";‘F;ﬁ
1971 12 2,659 4,322 7,217
1972 1 2,745 4,225 6, 099 12,804 15, 493
2 6, 756 10, 590 16, 930
3 3,276 5, 863 9,478
4 4,118 6,478 9, 608 13, 372 16, 180
5 3,779 7,266 12,500
6 7,606 3, 360 30, 330
7 3,976 7,280 10, 930 20, 328 24,597
8 1,936 3, 850 6, 757
9 660 1,436 2,063
10 2,141 5,727 15,010 14,911 18, 042
11 5, 807 9,718 18, 150
232?:59 2,438 4,086 6,931 8, 810 10, 690

Notes for Table 39:

Buchanan, Va., USGS recording station 02019500.

Bent Creek, Va., USGS recording station 02026000.
Cartersville, Va., USGS recording station 02035000.

I mputed from Janes River tributary inflow data.

Imputed from total James River flow and James River estuary
tributary flow data.

OB~ WN =
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Figure 20. Location of Janes River Sanpling Stations, Environnental Protection Agency Study

Willlamsburg

Hopewell

Source: Yasuo Onishi and Richard M Ecker. 1978. "The Mvenment of Kepone in the Janes
River," in Battelle Memorial Institute, Pacific Northwest Laboratory, The
Feasibility of Mtigating Kepone Contamination in the James River Basin,
Appendi x A to the EPA Kepone Mtigation Project Report (Washington, D.C.,
U S. Environnental Protection Agency).




Tabl e 40 consisting of data summari zi ng one day's observations at one
site for this second data set, illustrates what that set has to offer. At
the site labelled JR-1 on the map of figure 20, three stations were set up at
three distances fromthe river bank. At each of those stations, and at each
of the three tidal phases--ebb, slack, and flood--neasurenents were made at
several different river depths. The nost inportant of those neasured
guantities for our purposes are current velocity, suspended Kepone, and
super nat ant Kepone.

This is perhaps an appropriate place to flag the estuarine nodeling
i ssue. That issue is best understood in terns of the follow ng question:
what is the appropriate time scale for nodeling the kind of nmgjor
environnmental episode that night result in extensive transport of Kepone
into the Chesapeake Bay? |If it is safe to average over periods |ong conpared
with the tidal cycle period, then there is no sense incurring the cost of

estuarine nodeling. [f, on the other hand, it is necessary to get down to
the hourly level to nodel such major episodes accurately, estimates based
upon highly tine-averaged flow nodels will msleading.

KEPONE TOXICITY AND PERSI STENCE DATA

What do we actually know about the health and environnental effects of
Kepone? Clearly this question is central to our danmge-estination exercise:
if the linear dose-response hypothesis is to be believed, human health danage
estimates--estimates of the value of incremental human cancer norbidity and
mortality risk--will be linear in, e.g., carcinogenic potency.

At the tine of the closure of the Life Sciences plant by the Virginia
authorities, relatively little was known about the health and environnental
effects of Kepone. And in the interim we have not |earned that nuch nore.
In this section, we sunmmarize what we do know. W take up human health
effects, effects on conmercially valuable (and recreationally fishable)
species present in the Janes River and in the Chesapeake Bay, and
environnmental persistence.

Human Health Effects

In EPA (1978), it was reported that the National Cancer Institute and
the National Institute of Environnmental Health had proposed, and would
shortly begin, a "joint study to re-exanmne the potential carcinogenicity of
Kepone." The 1979 Registry of Toxic Effects of Chenical Substances (National
Institute for Cccupational Health and Safety, 1980) reported the conpletion
of the National Cancer Institute Bioassay, Wwth positive results found in
both rats and mice. These data are conpiled in table 41 bel ow

Effects on Commercial and Recreationally Fishable Species

Here we have only regul atory standards, and not |aboratory or field
derived information to go on. The inadequacy of those regulatory standards
for our purposes is obvious. The standards in question are derived from
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Tabl e 40. Results--Janes River Sanpling Program JR-1 Janes River Bridge
June 25, 1977

turrent  Water Jissalved Susoendea Suspended Sugernatant
Jepth, VYelogity, Temp., Conauctivity, Sxygen Solids, {gpone, {eoone,
Station Tidal Phase Time s felsag °C .mno LI g/l g/ .3/3 2873
1 Bt} 112
Jull 3. 1.83 1240 7.3 5.9 12.3
o988l 3.1, 35 1250 7.3 5.2 38.5 <0.913 -
Slack .
AR 3.2 1.84 121¢ 7. 3.3 30.7
1103 3.9 3.30 1210 7.3 8 5.4 §.335 ——
Flooa .3
<33 3.3 1.28 220 7.3 3.1 73.3
410 3.3 1.:28 1219 7.3 5.2 37.7 «$.313 2.2C8
2 ito 27.9
1915 3.2 S 1280 7.3 5.3 4.3
7910 10.3 1.13 12598 7.3 5.3 38.4
1505 24.3 1.34 1250 7.1 3.3 0 #G <0.011 T
Slack 27.3
V153 3.4 -t 1200 7.3 7.l 4.3
1150 15.3 1.52 1279 7.3 3.4 25.1
1143 243 .37 1270 T4 3.3 33.3 3.238 ———
7iacd 29.3
305 3.3 1.39 ) 1210 .7 3.7 8.3
G0 5.2 1.38 1230 7.3 8.7 0.3
<25 28.3 1.28 1220 7.3 5.2 35.5 <G.242 3208
3 to 2.2
BN 3.9 vz 1230 P 5.2 7.d
0G5 18.3 b 34 1250 7.3 3.1 333
1300 28.0 3.38 12580 7.2 5. 4.3 <3.223 em——
Siack 12.9
Tedy 3.2 3.7 1210 7.3 3.7 23.5
Tz40  18.0 3.20 1220 7.3 3.3 5.3
225 29.0 Q.38 1210 7.4 S.7 7.7 3.5628 e
Ficed 36.9
1845 3.0 1.32 1220 7.7 6.8 18.3
_ 1340 15.9 1.28 1230 7.7 3. 33.3
1535 33.Q 1.13 1230 7.7 5.9 1.2 <0.012 -a-

Source: Yasuo Onishi and Richard M Ecker. 1978. "The Mvenent of Kepone in
Janes River," in Battelle Mmnorial Institute, Pacific Northwest Labor-
atory, The Feasibility of Mtigating Kepone Contanination in the Janes

Ri ver Basin, Appendix A to the EPA Kepone Mtigation Project Report
(Washington, D.C., US. Environnental Protection Agency).
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Table 41. Acute Toxicity Potency Test

Results for Kepone

Mode of Dose

Test Speci es Admi ni stration Test Results Ref erences
Rat Oral LD50: 95 ng/ kg GUCHAZ 6, 96, 73
Rat Oal TD60: 800 MY KG Al HAAP 37, 680, 76
Rabbi t O al

LD50: 65 MA KG PCOC+* -, 642, 66
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estimates of human health hazard, and thus are not neasures of damage to the
species invol ved. Moreover, as "action levels," they inply a discontiuous
behavi or of damage functions which seens biologically inplausible.

Specifically, those standards are Food and Drug Administration Action

Level s. Those |l evels, established on a species-by-species basis, are
summarized in table 42.

JAMES R VER AND CHESAPEAKE BAY COMVERCI AL AND RECREATI ONAL FI SHERY DATA

In the wake of the Kepone incident, the Commonwealth of Virginia Health
Department prepared an interimreport: that report was never circulated, and
was provided to us by the Health Conmissioner's office. The report presented
estimates of the inpact--in both quantity and nonetary ternms--of the Kepone
i nci dent .

Wiile the interimreport is understandably rough-and-ready in style and
presentation, the data presented therein are helpful as starting points for,
and as checks upon, our own estimates. For that reason we have recorded the
state estimates here, together with some critical materials of our own.

A starting point for any discussion of these issues is the "dockside" on
finfish and shellfish |Iandings assenbled by the National Mrine Fisheries
Service of the Departnent of Comerce. These are of course conmerci al
fishery values. Table 43 below,' taken from Gabel (1977), presents Nati onal
Marine Fisheries Service data (Brey, 1980) for the Virginia Commonweal th Bay
Area,” along with the state's inputations of the associated whol esal e and
retail val ues. The definition of the Virginia Chesapeake Bay Area is
presumably that given el sewhere in the report, and reproduced in footnote 2
to this appendix.

The original data source, the conpilations of the National Marine
Fi sheries Service, provides coverage of the whol e Chesapeake Bay area.
Because publication of annual data has been suspended, we are grateful that
WIlliamBrey was able to provide us with the data of table 44 through 47;
this is data that has been "taken," but not yet scrutinized--or published.
Those four tables give both quantity and value data, for both commerci al
shellfish and finfish, for the years 1976 through 1979.

The interimreport (Gabel, 1977) went beyond the retrospective data of
the National Marine Fisheries Service, and in fact presented estimates of the
| osses incurred by the Virginia comercial fishing, sports fishing, and
recreational -industries. These are necessarily rough, and understandably so
given the setting in which they are grepared. Tabl es 48, 49, and 50 are
taken from the original interim report.
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Table 42. U S. Food and Drug Administration Action Standards for

Speci es

Action Standard,
M crograms Per G am
(Parts Per MIlion)

Crab

Fi nfish
and
Shel | fi sh

0.4

0.3
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Kepone



Tabl e 43. Dollar Values of Finfish and Shellfish Taken fromthe Virginia

Chesapeake Bay Area in 1975

Docksi de Whol esal e’ Retai | *

Fi nfish $ 8,983, 396 $22, 458, 490 $30, 543, 546
Shel | fish 8, 701, 183 21, 752, 958 29, 584, 022
ALL FI SH $17, 684, 579 $44,211, 448 $60, 127, 568

Sel ected Speci es

Bl uefish $ 154, 196 $ 385,490 $ 524, 266
Mehaden 6, 425, 483

Cr oaker 322,112 805, 280 1, 095, 180

Notes for Table 43:

1.

Whol esal e val ue estimtes at
val ues estinmated at

Sour ce:

1975,

Statistics #6900,
1976) .

(Washi ngt on,

D.C,

180

1975 Current

US. Printing Ofice,

2.5 times the dockside value and retail
3.5 times the dockside val ues.
Fi sheries of the US.,

Fi sheri es

Mar ch
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Tabl e 44. Comerci al

Shel | fi sh Landi ngs,

Chesapeake Bay: Catch by Weight (Pounds)

Virgi ni mwarw anﬂ’ Total
Virginia, (it ar s Total and ail ui thout

Dat e C‘nesBapeake except Virginia tributaries Total Virginia

ay Potomac R ver except tributaries

Pot omac Ri ver

1976 17,937,758 9,409, 980 21,347,730 34,764, 328 62,112, 066 52,702, 086
1977 27,202, 153 10,501, 485 37,703, 638 32,186, 997 69, 890, 635 59, 389, 150
1978 | 25,785, 844 11,510,760 | 37,296, 604 32, 576, 942 60,873,546 | 58,362, 786
1979 | 29,363,493 | 11,917,073 41, 280, 566 38,083,275 | 79,963,841 | 68,046,768
1980 45, 640, 000 43,593,000 89, 233, 000

©)
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Table 45. Commercial Shellfish Landings, Chesapeake Bay: Value of Catch (Doll ars)
Maryland,
Virginia, Chesapeake, Total
Date C\:‘Ierg"iﬁr;i:k.e tributaries, Total and all Total without
s[;a ) except Virginia tributaries ) Virginia
Y Potomac River except tributaries
Potomac River
1976 4,171,499 5,518,800 9,690,299 22,258,327 31,948,626 26,429,826
1977 5,843,525 4,886,845 10,730,370 20,557,251 31,287,621 26,400,776
1978 7,002,995 6,306,207 13,309,202 23,731,656 37,040,858 30,734,651
1979 7,269,004 7,104,204 14,373,208 27,068,808 41,442,016 34,337,812
1980 17,765,000 31,622,000 49,387,000
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Table 46. Commercial Finfish Landings, Chesapeake Bay: Catch by Wight (Pounds)
Maryland,
Virginia, Chesapeake, Total
pat C‘l‘“g*:“:k'e tributaries, Total and all Total without
ate \esl;ne. except Virginia tributaries Virginia
ay Potomac River except tributarlies
) Potomac River
1976 388,703,330 18,810,835 407,514,165 6,758,440 414,272,605 395,461,770
1977 453,511,101 23,285,424 476,796,524 9,518,384 486,313,908 463,029,484
1978 414,779,638 24,317,788 439,097,426 7,016,881 446,114,307 421,796,519
1979 464,855,575 10,518,331 475,373,906 5,815,835 481,189,741 470,671,710
1980 560,659,000 560,659,000 14,131,000 574,790,000

0.0)

®
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Table 47. Commercial Finfish Landings, Chesapeake Bay: value by Catch (Dollars)
Maryland,
Virginia Virginia, Chesapeake, Total
o : ¥ and all hout
Date Chesapeake Lrl?ffszcs' "??}f}._ __?ff,f,.-n Total .Zii??ﬂn
Ba I‘ALE‘PL Vllslllld LE JUULAL LT VL[ELIILI!
y Potomac River except tributaries
" Potomac River
1976 12,584,181 1,247,783 13,831,964 1,166,643 14,998,607 13,750,824
1977 19,131,828 2,075,217 21,157,045 1,387,723 22,544,768 20,519,551
1978 9,029,699 2,059,405 11,089,104 1,611,013 12,700,117 10,640,712
1979 24,609,840 1,810,086 26,419,926 1,381,550 27,801,476 25,991,390
N :
S,
1980 31,831,819 31,831,819 3,224,000 35,055,819
©.0) ® ®




Notes for Tables 44-47

1. Data for Menhaden are reported separately.
2. Data for colums 1 and 2 were conbined in the original report.

3. Includes the catch for Chincoteague Bay; that catch is a small fraction
of the total. There has been a change in reporting practice.
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Tabl e 48. Enpl oyees and \Wages Earned in Commercial Fishing in the
Chesapeake Bay Area, 1975

Harvestors Whol esal ers Tot al
Nunber of Enpl oyees 5,126 4,584° 9,710
Total Wages $17, 684, 579° $17, 736, 639° $35, 421, 218

Notes for Table 48:

1. This represents full and part-time comercial fishernen.
Source: Virginia Marine Resources Conmi ssion.

2. Source: National Marine Fisheries, US. Departnent of Commerce.

3. Includes both processors and packers.
Source: Virginia Enployment Conmi ssion.
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Tabl e 49. Enpl oynent and Wages in the Chesapeake Bay Area Recreation
I ndustry, 1975

Nunber of Tot al Tot al
Enpl oyees Total Wages Expendi tures Partici pants
Sports Fishing 4,5000 unknown $145, 700, 000° 1, 147, 000°
Hot el s* 31, 457 $33, 470, 445
Rest aur ant s* 95, 670 64, 223, 245
Retail Seafood 675 817, 817
Mar ket s°
TOTAL 132, 302 $98, 511, 507

Notes for Table 49:

1. Data on the sports fishing industry was supplied by the Virginia Mrine
Resources Conmi ssi on.

2. Total expenditures refer to direct and indirect fishing related
expenditures only.

3. Participants include all persons 12 years or older spending no |ess
than $7.50 and fishing for at l|east part of 3 consecutive days.

4, Restaurants include all restaurants--both seafood and nonseaf ood.
Source: Virginia Enploynment Conmi ssion.

5. Source: Virginia Enploynment Conmi ssion.

187



Tabl e 50. Summary of Kepone Costs Resulting fromthe Kepone Pollution of

Kepone Pol I ution of the Chesapeake Bay Area, July 1975 through
Decenber 1976

Sect or Esti mat ed Esti mat ed Esti mat ed
-Dollar Loss Wage Loss Job Loss
Virginia Commercial $12,475,917°  $7, 179, 777° 1, 980
Fi shing I ndustry?
Virginia Sports 15, 444, 200° 9, 266, 560° 486"
Fi shing I ndustry?
Virginia Recreation 789, 280° 789, 280° 162%°

Notes for Table 50:

1. Al 1976 loss estimates are based on actual 1975 data with a 6% price
inflation adjustnent.

2. Data relates to that portion of the industry located in the Chesapeake
Bay area.

3. Estimates are based on an assumed 15% decline in whol esal e sales.
Additional losses, resulting fromthe closing of the James River to the
taking of certain species of fish, totaling $2,915,634 have also been
i ncl uded.

4. Wage and enpl oyment declines assume a 15% decline in sales. Wages and
empl oyment | oss estimtes are based on 1975 wage and enpl oynent data
for harvestors and whol esal ers. Sources: Virginia Mrine Resources
Commi sssion and Enpl oynent Conmi ssi on.

Harvestors \Whol esal ers
Nurmber of Lost Jobs 1,293 687
Lost \Wages $4, 362, 112 $2, 817, 665

5. Assunes a 10% decline in sports fishing in 1976.
6. Assunmes wages represent 60% of the total |oss.
7. Every $30,000 spent on sports fishing creates 1 job, i.e., a $15.4

mllion reduction in spending will result in a loss of 486 jobs.
Source: Virginia Mrine Resources Conm ssion.
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Notes to Table 50 (continued):

10.

Precise data for the decline in sales was unavailable. Total |oss
represents only wages |ost by hotels, restaurants, and retail seafood
markets located in the Chesapeake Bay area.

Wage | osses are based on the calcul ated average recreational wage for
the Chesapeake Bay area.

Assumes a negative multiplier. Every 3 jobs lost in sports fishing

results in the loss of one job in recreation. Source: Virginia
Marine Resources Commi ssion.
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FOOTNOTES

"This is table 5 of the interimreport (Gable, 1977).

2The Virginia Chesapeake Bay Area is defined, in Gabel (1977) as: King
and Queen County, Henrico County, Richnond County, Chesterfield County, Surry
County, City of Virginia Beach, Accomac County, Charles City County, City of
Newport News, City of Norfolk, GCity of Portsnmouth, Essex County, City of
Hanpton, G oucester County, Isle of Wght County, James City County, King
CGeorge County, King WIIliam County, Lancaster County, Mathews County,
M ddl esex County, City of Suffolk, New Kent County, Northanpton County,

Nor t hunberl and County, City of Richnond, York County, and Prince George
county.

*Tabl es 48 and 49 of this appendix are respectively tables 6 and 7 of
the original interimreport.

4This is a subtable | abel ed "Econom c Sector" of table 1 of the interim
report.
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APPENDI X C

PRI CE CASE STUDY DATA APPENDI X

[ NTRODUCTI ON

The data base for this case study ideally would consist of information
on the landfill inventory, the geohydrology of the site, the sanpling of the
well's for contaminants, the punping histories of the various private and city
well's, drinking water consunption estinmates, toxicity, health effects, and
popul ation. \What is actually available is, of course, far from ideal.

LANDFI LL | NVENTORY

What went into Price's Landfill? Table 51 bel ow sunmari zes what was
assenbl ed by one source; other, better information nmay be available, from
either the State Departnment of Environmental Protection, from court pro-
ceedings, or both. The information in table 51 appeared in the Pleasantville
(New Jersey) Press on 18 Decenber 1979. Note that, w thout concentrations,
these waste volumes don't tell us how much of the substances in question were
dunmped.

SI TE CGEOCHYDROLOGY

To organi ze what we know about the geohydrology of the Price's case
study site, let us imagine that we were set on using a sinple nodel of the
Upper Cohansey aquifer, so that what was needed is the npdel paraneters

describing that aquifer. An enureration of those paraneters will help us
organi ze the information that we do have on the site. Begin with the formula
given by Wlson and MIller (1978). Their mpdel describes an infinite,
t wo- di mensi onal aquifer wth perfect vertical mxing; they assune a
continuous, constant source of contaminant, "injected" into the aquifer at
the origin. Introduce their notation and variables:

C = concentration of the substance in solution (mass of solute

per unit volume of solution), in parts per mllion (ppm.

m = aqui fer thickness, in feet (ft).
f'n’1 = mass injection rate of pollutant, in pounds per day
(1 bs/ day).
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Table 51. Wastes Dunped at Price's Pit, 10 April to 7 May 1972

Subst ance Vol une

(Gal l ons)
Sewer plant waste 271, 000
Pai nt, solvent, thinner 102, 500
Cesspool waste 96, 000
Unknown sl udges 41, 000
Unknown chem cal s 38, 950
Acet one 16, 750
Hexane, acetone 10, 000
Di chl ori de 7,400
Spent net hanol 4,000
Phenolic solvent, styrene 4,000
G ease, tar 3,900
Waste gl ue 3,700
Ti tani um 3,700
Citeon waste 3,700
Manganese di oxi de 3,400
Acid 3,400

Sour ce: The Pleasantville Press, Decenber 18, 1979.
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X = di stance between point source x coordinate and observation
point x coordinate, in ft.

a z | ongi tudinal dispersivity in x direction of flow, in ft.
ay = transverse dispersivity in y direction, in ft.
Rt = retardation factor due to ion exchange or adsorption, a

factor equal to or greater than 1, no dinensions.
A = radi oactive decay constant, in days'1. This equals
| n2/ 365L where L equals half-life of species, in years.

v = uni form groundwater flow rate in x direction, in ft/day.
This is calculated from field data according to the
equation V = KI/7.48n where K is the aquifer hydraulic

conductivity, | is the hydraulic gradient, and n is the
porosity.
n = aqui fer porosity, a decinal.

1. 603

conversion factor to produce concentrations in parts per
mllion. The units of this constant are ppn1|b/ft3.

Wlson and MIler (1978) assume a point source, uniform conplete nixing
in the vertical direction, negligible nolecular diffusion, and an argument
r/iB of the function Wu, r/B) nmuch greater than one.

Now | ook at the variables and paraneters of the fornula for the
concentrations of contamnants. These include surface topography and aquifer
characteristics. The latter category divides naturally into flow (velocity
and hydraulic gradient) characteristics and geophysical characteristics.

Surface Topography

Application of this or any other formula will obviously require the
| ocation of all wells relative to the source term  Figure 21 below, derived
fromthe report (to the Atlantic City Minicipal Water Authority, undated) by
the consulting firm Paulus, Sokol owski, and Sartor, show the |ocation of
those wells along with the extent of the containment plune. Measuring from
the approxinmate center of the landfill, with the x-axis taken as due east, we
construct the locations- of the EPA observation, Atlantic Cty production, and
private drinking water wells. Those coordinates are summarized in table 52.

The well names are, for the mpst part, the nanmes of the owners and/or
operators. In particular, for the public agency observation or production
well's, DEP stands for the New Jersey State Departnent of Environnental
Protection, EPA stands for the United States Environnental Protection Agency,

and AC stands for the Atlantic Gty Minicipal Water Authority.
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Tabl e 52. Locations of Public Production and of Observation Wells

Well Tocation Well Location
Well (reet from Center ol Well (Feel from Center of
'"Name Landilll) Nuime Land{11)
X Y 2 X Y Z

DEPL =350, 175, _ . a2 4400. -1250. 23¢C,
DEP2 300. -50. 25, A} 1700, 2125. 245,
OEP3 1000, = 75, 15, ‘Ah-4lS. 100, 138,
EPALY 1375, 550. 41. Cl 450, 225. 120.
EPALA 1315, 550, 41 C2A 4400. -1275. 100,
EPA2  1400. -650. 42, €28 4400. -1275. 60,
EPAY 2725 _-12719._ _40, ic2c 4400. —1275. 30.
EPA3A 2725, -127%. T6. C3A 1650. 2200. al.
EPA4 . 325, ~-1700 lGa. L0 1950, 2200. 60,
EPAS 1450, 1150. 10. C3c 1950. 2200, 30,
EPASA_14h0, 1150, 213, CaA 1925. —-2350Q. 190,
EPAG 2325, 450. 55, C4R 1925. -2350, 100.
ACZ2 . 4850. -1850, 82, c4c 1929. -2350. . 6Q.
AC3 4800. -18%. 1913. Ca0 1926, -2350. 30.
AC4 4550, -18%0., 99, C2A_ 3150.___44%0.  190..
ACS 5315, 325, L. cs0 1140. 450, 100,
ACH 5428, a15., . csC 167%. 450, 59.
ACT 5225. 1571%. 1117, Cé 1400, 11715, 100,
ACA 5075, 1625, T11. | 2250, 425, 107,
ACY 31656. 1925, 111, ca 321715, 650. 96.
ACLO 2986, 3CS0. (70, €2 1200, 1825, .
ACLY  2250. 4100. 1771, P2 3700. -1215. 190,
ACL13 13700. -l350._~”12L f) 4950, -12715%. 135,
Al 0. 0. 250. P4 180, ~17175. 97,

[ 55‘)00 T?O“’)v l‘)ua

12 45950, -1100. 1849,

Pl _4625%. =900, 100,

ra 4400, ~-650. 100,

P9 $000. ~1100. .

PLO 5190. -13da. 95,
fli 5250. -LQ00. 190,
pL2 4950, —11249, .



The well coordinates are in feet, neasured from an origin |located at the

approxi mate center of the landfill. The wel |l depth, or z coordinate, is
positive downwards, and measured from ground |evel.

VELL PUWPING H STORI ES

For conputing historical exposures, we need contanminant concentrations
at the drinking water wells, well punping histories, and chem cal treatnent
hi stories. The latter will be difficult to reconstruct; the former can be
built upon neasured contam nant concentrations.

Regarding the well production histories, we have only sone rough
information on current rated capacities. That information, for both Atlantic
City drinking water wells and the City's reservoirs, is summarized in table
54 bel ow. Some addition informati on nust be checked and interpreted. At
| east three wells--ACl, AC5, and AC6--are officially listed as Qut of
Servi ce. It is not clear if the current contam nation problens are to blane,
or if other, wunrelated problens are rel evant. And we do not know which
aquifer those wells were screened in.

For the City reservoirs, we have a rated capacity of 0.9 mllion gallons
per day, listed as a safe yield capacity. For a crisis of a nonth or less in
duration, that can be stretched to 13.0 nmillions of gallons per day. The
latter figure is the maxinmum allowable diversion for any one nonth.

WELL SAMPLI NG DATA

Fol lowing the discovery of contamination of the Upper Cohansey aquifer
by leachate from Price's Landfill, several independent efforts were made to
determine the extent of the contam nation. These all involved taking sanples
from wells, chenmical analysis of those sanples, and to sone extent
construction of a nodel of plume novenent.

Qur data base on contaminant concentrations in well water is easy to
describe. For several wells, on each of several days, neasurenents were made
of concentrations of all of the Environnmental Protection Agency Priority
Pollutants. A conplete printout of the data base is included in this report,
but that record is of course very "sparse"; there are many zero observations,
corresponding to zero (or unobservably small) concentrations of contam nants,
on many dates, in many wells.

Strictly speaking, those zeros are "valuable information," and should be
included in any effort to estimate geohydrol ogi cal parameters or contam nant
i nfl ows. But in the early stages of data interpretation, those abundant
zeros make it very hard to see anything at all in the data. For that reason,
we have sorted the nonzero observations by chemical, for the chemicals that

show up (in any of the wells) with the highest concentrations. That sorted
record, too, is included as part of this report. Sonething of the "feel" of

that data can be gotten from looking at the sorted record for a few
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Tabl e 53. Locations of Private Production Wlls

Vel | Location
Vel | Name (Feet from Center of

Landfill)
X Y z
| CH 300, 0. Q.
AMBRUS 2000. O 30.
MATHEAN .. _ 1450.__ 6C0.__ 30.
S Owl $50. =-400. 203.
I WETZEL 17290. _-750. . 320.
CGARRETT 300. 750. 30.

J CHNSON 400. 900. 35,
JCHNSON2 400. 9G0. 35,
_QUATER 550« 1300. 3C..
EAGLE 575. 1400. 30.

_WHITEE ___ __575. 1400. __ 3C,.
YALL 625. 1500. 30.
wono £75. 1625, 30,
WHITEJ 675. 1625, 30.
_WHITED 675. 1625.  8Ca..
MCATLL 725. 1750. 30.
AMES 750, 1850. 86 .
WHITEW -859. 850 . 80.
GAINS -1050.  1050. 30.
NORSEY -1C50. 1_05¢C. 30.
GARRET =1125.__1125. . 3Qa__
FIELD -1225., 1225. 25.
MARTYN -1350. 13%50. 30.
NJAC3 Ce —4500. S50,
SPENCE -1400. ~-1400. 30.
JOHNSN -14Q30. =-14C0. = 30.
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Table 54. Rated Capacity for Atlantic City Wells and Reservoirs

el | Maxi mum Dai ly Qut put
(MI1lions of Gallons)
Upper Cohansey AC2 1.0
Aquifer Wells
ACA 0.6
AC8 1.2
AC13 1.0
Lower Cohansey AC3 1.5
Aquifer Wells
AC7 0.9
AC9 1.1
AC10 1.6
AC11 1.1
AC12 1.5
Ki r kwood Aqui fer ACl4 1.2
Vel ls
AC15 1.0
Reservoirs 9.0
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cheni cal s. In table 55 we present four, the four which show up in the
hi ghest concentrations in any well at any date.

TOXICITY AND HEALTH EFFECT DATA

For the chenmicals and netals on the Priority Pollutant list, the United
States  Environnental Protecti on Agency has pronul gated health-rel ated
standards expressed run in terns of anbient concentrations. Specifically,
estimates are nade of the concentrations which, for lifetime exposures, wll
produce one additional cancer incidence in a population of 100,000. In other
words, |lifetine exposure at the concentration enbodied in the standard
"endows" an exposed individual with an incremental 107~ cancer risk over his
or her lifetine.

In the tables bel ow, we have conpiled those standards for the chemcals
detected in the wells around the Price site. Sone additional information
relevant to nodeling the transport of the individual chenical is also
i ncl uded.
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